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METHOD AND APPARATUS FOR CASING EXPANSION 

Cross Ref^ence To Related Applications 
This application claims the benefit of the filing date of U.S. provisional patent 
Explication serial number 60/237,334, attorney docket number 25791.48, filed on 
10/2/2000. 

5 This application is related to the following co-pending applications: (I) U.S. patent 

application serial no. 09/454,139, attorney docket no. 25791.03.02, filed on 12/3/1999, (2) 
U.S. patent application serial no. 09/510,913, attorney docket no. 25791.7.02, filed on 
2/23/2000, (3) U.S. patent application serial no. 09/502,350, attorney docket no. 
25791.8.02, filed on 2/10/2000, (4) U.S. patent ^Kcation serial no. 09/440,338, attorney 

10 docket no. 25791 .9.02, filed on 1 1/15/1999, (5) U.S. patent q)plication serial no. 
09/523,460, attorney docket no, 25791.1 1.02, filed on 3/10/2000, (6) U.S. patent 
^plication serial no. 09/512,895, attorney docket no. 25791.12.02, filed on 2/24/2000, (7) 
U.S. patent ^plication serial no. 09/51 1,941, attorney docket no. 25791.16.02, filed on 
2/24/2000, (8) U.S. patent plication serial no. 09/588,946, attorney docket no. 

15 25791.17.02, filed on 6/7/2000, (9) U.S. patent q>plication serial no. 09/559,122, attorney 
docket no. 25791.23.02, filed on 4/26/2000, (10) PCT patent application serial no. 
PCT/USOO/18635, attorney docket no. 25791.25.02, filed on 7/9/2000, (1 1) U.S. 
provisional patent q)plication serial no. 60/162,671, attorney docket no. 25791.27, filed on 
1 1/1/1999, (12) U.S. provisional patent application serial no. 60/154,047, attomey docket 

20 no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent application serial no. 
60/159,082, attomey docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisional 
patent application serial no. 60/159,039, attomey docket no. 25791.36, filed on 
10/12/1999, (15) U.S. provisional patent q)plication serial no. 60/159,033, attomey docket 
no. 2579137, filed on 10/12/1999, (16) U.S. provisional patent application s^al no. 

25 , attomey docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

provisional patent ^plication serial no. 60/165,228, attomey docket no. 25791.39, filed on 

11/12/1999, (18) U.S. provisional patent ^plication serial no. , attomey 

dodcet no. 25791.45, filed on 7/28/2000, (19) U.S. provisional patent s^lication serial no. 
, attomey docket no. 25791.46, filed on 7/28/2000, and (20) U.S. 

30 provisional patent i^lication serial no. , attomey docket no. 25791 .47, 
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5 casings that are formed using expandable tubing. 

Convaitionally, when a wellbore is created, a number of casings are installed in the 
borehole to prevent eclipse of the borehole wall and to prevent undesired outflow of 
drilling fluid into the formation or inflow of fluid fiom the formation into ttie borehole. 
The borehole is drilled in int^als whereby a casing which is to be installed in a lower 

1 0 borehole interval is lowered throu^ a previously installed casing of an upper borehole 
interval. As a consequence of fliis procedure the casing of the lower interval is of smalls 
diameter than the casing of the upper interval. Thus, the casings are in a nested 
arrangement with casing diameters decreasing in downward direction. Cement annuli are 
provided between flie outer surfaces of the casings and the borehole wall to seal the 

IS casings fiom the borehole wall. As a consequence of this nested arrangement a relatively 
large borehole diameter is required at the upper part of the wellbore. Such a large 
borehole diameter involves increased costs due to heavy casing handling equipment, large 
drill bits and increased volumes of drilling fluid and drill cuttings. Moreover, increased 
drilling rig time is involved due to required cement pumping, cement hardening, required 

20 equipment changes due to large variations in hole diameters drilled in the course of the 
well, and the large volume of cutting drilled and removed. 

The pres«t invention is directed to overcoming one or more of the limitations of 
the existing procedures for forming wellbores. 



and radially expanding a tubular member is provided that includes means fi>r plastically 
deforming and radially expanding a first portion of die tubular member to a first outside 
diameter, and means for plasticaUy deforming and radially expanding a second portion of 
the tubular member to a second outside diameter. 



deforming and radially expanding a tubular member is provided that includes a tubular 
siq[q>ort member including a first fluid passage, an expansion cone coupled to the tubular 



25 



Summary of the Invention 
According to one aspect of the invention^ an cqpparatus for plastically definming 



30 



According to another aspect of the present invention, an apparatus for plastically 
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support member having a second fluid passage jQuidicly coupled to the first fluid passage 
and an outer conical sur&ce, a removable annular conical sleeve coiq>led to the outer 
conical surface of the expansion cone, an annular expansion cone launcher coupled to tho 
conical sleeve and a lower portion of the tubular member^ and a shoe having a valveable 
5 passage coiq>led to an end of the expansion cone launcher. 

According to another aspect of the present invention, a method of plastically 
deforming and radially expanding a tubular member is provided that includes plasticaUy 
deforming and radially expanding a portion of the tubular member to a first outside 
dianaeter, and plastically deforming and radially expanding another portion of the tubular 
10 member to a second outside diamet^. 

According to anoflier a^ect of the present invention, a method of coupling a first 
tubular member to a second tubular member is provided fhat includes plastically 
deforming and radially expanding a first portion of the first tubular member to a first 
outside diamet^, plastically deforming and radially expanding anotiier portion of the first 
1 5 tubular meniber to a second outside diameter, positioning the second tubular member 
inside the first tubular mraiber in overlqiping relation to the first portion of the first 
tubular m^ber, plastically deforming and radially expanding the second tubular member 
to a third outside diameter, and plastically deforming and radially expanding the second 
tubular member to a fourth outside diameter. The inside diameters of the first and second 
20 tubular members aft^ the plastic deformations and radial expansions are substantially 
equal. 

According to another aspect of the present invention^ an apparatus for coupling a 
first tubular member to a second tubular member is provided that includes means for 
plastically deforming and radially expanding a first portion of the first tubular member to a 

25 first outside diameter, means for plastically deforming and radially expanding another 
portion of the first tubular member to a second outside diameter, means for positioning the 
second tubular member iniside the first tubular member in overlapping relation to the first 
portion of the first tubular mraiber, means for plastically deforming and radially 
expanding the second tubular member to a third outside diameter, and 

30 means for plastically deforming and radially e^qianding the second tubular member to a 
fourdx outside diameter. The inside diameters of flie first and second tubular members 
after the plastic deformations and radial expansions are substantially equal. 
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According to another aspect of the present invention, an apparatus for forming a 
wellbore casing within a wellbore is provided that includes means for supporting a tubular 
member within the wellbore, meaxis for plastically deforming and radially expanding a first 
portion of the tubular member to a first outside diameter, and means for plastically 
5 deforming and radially expanding a second portion of the tubular member to a second 
outside diameter. 

According to another aspect of the present invention, an apparatus for forming a 
wellbore casing within a wellbore is provided that includes a tubular support member 
including a first fluid passage, an e}q)ansion cone coupled to the tubular support member 

1 0 having a second flmd passage fluidicly coupled to the first fluid passage and an outer 

conical surface, a removable aimular conical sleeve coupled to the outer conical surface of 
the expansion cone, an annular expansion cone launcher coi^)led to the conical sleeve and 
a low^ portion of the tubular member, and a shoe having a valveable passage coi^^led to 
an end of the expansion cone launcher. 

15 . According to another aspect of the present invation, a method of forming a 
wellbore casing within a wellbore is provided that includes sqyporting a tubular member 
within a wellbore, plastically deforming and radially expanding a portion of the tubular 
member to a first outside diameter, and plastically deforming and radially expanding 
another portion of the tubular m^ber to a second outside diamet^. 

20 According to another aspect of the present invention, a method of forming a mono- 

diameter wellbore casing within a weUbore is provided that includes supporting a first 
tubular member within the wellbore, plastically deforming and radially expanding a first 
portion of tiie first tubular member to a first outside diameter, plastically deforming and 
radially expanding another portion of the first tubular memb^ to a second outside 

25 diameter, positioning the second tubular m»iba: inside the first tubular member in 

overlapping relation to the first portion of the first tubular memb^, plastically deforming 
and radially expanding the second tubular member to a third outside diameter, and 
plastically deforming and radially expanding the second tubular member to a fourth 
outside diameter. The inside diameters of the first and second tubular members after the 

30 plastic defi>rmations and radial expansions are substantially equal. 

Acconling to ano&er aspect of the present inventioii, an apparatus for coi^li^ 
first tubular membo' to a second tubular member is provided tiiat includes means for 
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plastically deforming and radially expanding a first portion of the first tubular member to a 
first outside diamet^, means for plastically deforming and radially expanding another 
portion of the first tubular member to a second outside diameter, means for positioning the 
second tubular member inside the first tubular member in overlapping relation to the first 
5 portion of the first tubular member, means for plastically deforming and radially 
expanding the second tubular member to a third outside diameter, and 
means for plastically deforming and radially expanding the second tubular member to a 
fourth outside diameter. The inside diameters of the first and second tubular members 
after the plastic deformations and radial expansions are substantially equal. 

10 According to anotiher aspect of flie present invwtion, an apparatus for plastically 

deforming and radially expanding a tubular member is provided that includes means for 
providing a lipped portion in a portion of the tubular member, and means for plastically 
deforming and radially expanding another portion of flie tubular member. 

According to another aspect of the present invention, an apparatus for plastically 

1 5 deforming and radially expanding a tubular member is provided that includes a tubular 
support member including a first fluid passage, an expansion cone coupled to the tubular 
siq3port member having a second fluid passage fluidicly coiq>led to the first fluid passage 
and an outer conical surface, an annular expansion cone launcher including: a first annular 
portion coupled to a lower portion of the tubular member, a second annular portion 

20 coupled to the first annular portion that mates with the outer conical surface of the 
expansion cone, a third annular portion coupled to the second annular portion having a 
first outside diameter, and a fourth anniilar portion coupled to the third annular portion 
having a second outside diameter, wherein the second outside diameter is less than the first 
outside diameter, and a shoe having a valveable passage coupled to fomth annular portion 

25 of the expansion cone launcher. 

According to anottier aspect of the present invention, a method of plastically 
deforming and radially spending a tabular member is provided that includes providing a 
lipped portion in a portion of the tubular meniber, and plastically deforming and radially 
expanding anottier portion of the tubular member. 

30 According to another aspect of the present invration, a method of coi^ling a first 

tubular member to a second tubular member is provided that includes providing a lipped . 
portion in a portion of die first tubular member, plastically deforming and radially 
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expanding anotiier portion of the first tubular member, positioning the second tubular 
member inside the first tubular member in overlapping relation to the lipped portion of fhe 
first tubular member, and plastically deforming and radially expanding the second tubular 
member. The inside diameters of the first and second tubular memb^ after the plastic 
5 deformations and radial expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for coiqpling a 
first tubular member to a second tubular m^ber is provided that includes means for 
providing a lipped portion in the first tubular member, means for plastically deforming and 
radially expanding anoflier portion of the first tubular member, means for positioning the 
10 second tubular member inside the first tubular member in overlapping relation to the 
lipped portion of the first tubular member, and means for plastically deforming and 
radially eiqianding the second tubular member. The inside diameters of the first and 
second tubular members after tibe plastic deformations and radial e?q)ansions are 
substantially equal 

1 S According to anofh^ aspect of iho present invention, an apparatus for forming a 

wellbore casing within a wellbore is provided that includes means for supporting a tubidar 
mCTiber within the wellbore, means fi>r providing a Upped portion in the tubular member, 
and means for plastically deforming and radially expanding another portion of the tubular 
m^nber to a second outside diameter. 

20 According to another aspect of the present invention, an apparatus for forming a 

weUbore casing wittiin a wellbore is provided that includes a tubular support member 
including a first fluid passage, an expansion cone coupled to the tubular support member 
having a second fluid passage fluidicly coupled to the first fluid passage and an outer 
conical surface, an annular eaqiansion cone launcher including: a first annular portion 

25 coiq>led to a lower portion of the tubular member, a second annular portion coupled to the 
first annular portion that mates with the outer conical sur&ce of the e}q)ansion cone, a 
third annular portion coiq;>led to the second annular portion havmg a first outside diameter, 
and a fourth annular portion coxq>led to ttie fliird annular portion having a second outside 
diameter, wherein the second outside diameter is less than the first outside diametor, and a 

30 shoe having a valveable passage coupled to fourth annular portion of the expansion cone 
launcher. 



wo 02/29199 PCT/USOl/30256 
According to another aspect of the present invention, a method of forming a 
wellboie casing in a wellbore is provided that includes supporting a tubular member 
within the wellbore, providing a Upped portion in a portion of the tubular member, and 
plastically deforming and radially expanding another portion of the tubular member. 
5 According to another aspect of the present invention, a method of forming a mono- 

diameter wellbore casing within a wellbore is provided that includes supporting a jSrst 
tubular member within the wellbore, providing a lipped portion in a portion of the first 
tubular member, plastically deforming and radially expanding another portion of the first 
tubular member, positioning the second tubular member inside the first tubular member in 
10 overl^ping relation to the lipped portion of the first tabular member, and plastically 
deforming and radiaUy expanding the second tubular m^nber. The inside diameters of 
the first and second tubular membm aft^ the plastic deformations and radial expansions 
are substantially equal. 

According to another aspect of the present invention, an ^paratus for forming a 
1 5 mono-diameter wellbore casing within a wellbore is provided that includes means for 

providing a lipped portion in the first tubular member, means for plastically deforming and 
radially expanding another portion of the first tubular member, means for positioning the 
second tubular memb^ inside the first tubular member in overl^ping relation to the 
lipped portion of the first tubular member, and means for plastically deforming and 
20 radially expanding the second tubular member. The inside diameters of the first and 
second tubular members after the plastic deformations and radial expansions are 
substantially equal. 

According to another aspect of the present invention, an apparatus for plastically 
deforming and radially expanding a tubular member is provided that includes means for 

25 plastically deforming and radially expanding a first end of the tubular member, and means 
for plastically deforming and radially expanding a second end of the tubular member. 

According to anottier aspect of the present invmtion, an ^paratus for plastically 
deforming and radially expanding a tubular member is provided that includes a tubular 
siq>port memb^ including a first passage, an expansion cone coi^led to the tubular 

30 si^port Saving a second passage fluidicly coupled to the first passage and an outer conical 
sur&ce, an annular expansion cone launch^ movably coupled to outer conical surface of 
the expansion cone, an e}q>andable tubular member coupled to an end of the annular 
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expansion cone launcher, a shoe coupled to another end of the annular expansion cone 
launch^ having a valveable fluid passage^ and another annular expansion cone movably 
coupled to the tubular support member. The annular expansion cones are positioned in 
opposite orientations. 

5 According to another aspect of the present invention, a method of plastically 

deforming and radially expanding a tubular member is provided that includes plastically 
deforaiing and radially expanding a first end of the tubular member, and plastically 
deforming and radially expanding a second end of the tubular member. 

According to anoflier aspect of the present invention, a method of coupling a first 

1 0 tubular member to a second tubular member is provided fiiat includes positioning the 
second tubular member inside the first tubular member in an overlying relationship, 
plastically deforming and radially e3q)anding the end of flie second tubular member that 
overlaps with the first tubular member, and plastically deforming and radially e3q>anding 
the remaining portion of the second tubular member. 

IS According to another a^ect of the present inv^tion, an apparatus for coupling a 

first tubular member to a second tubular memb^ is provided that includes means for 
positioning the second tubular m^ber inside the first tubular member in an overlapping 
relationship, means for plastically deforming and radially expanding the end of the second 
tubidar member that overl^s with the first tubular member, and means for plastically 

20 deforming and radially expanding the remaining portion of the second tubular member. 

According to another aspect of the present invmtion, an apparatus for forming a 
wellbore casing within a wellbore is provided that includes means for siq)porting a tubular 
member witiiin &e wellbore, means for plastically deforming and radially expanding a first 
md of the tubular member, and means for plastically deformiiig and radially expanding a 

2S second end ofthe tubular member. 

According to another aspect of the present invention, an apparatus for forming a 
wellbore casing within a wellbore is provided that includes a tabular support memba 
including a first passage, an expansion cone coupled to the tubular siqyport having a 
second passage fluidicly coiq)l6d to flie first passage and an outar conical surface, an 

30 annular e3q)ansion cone launcher movably coiqsled to outer conical surface of fixe 
es^ansion cone, an ^andable tubular member coiq>led to an end of the annular 
e?q>ansion cone launcher, a shoe coupled to another end of the annular expansion cone 
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launcher having a valveable fluid passage, and another annular expansion cone movably 
coupled to flie tiibular support member. The annular expansion cones are positioned in 
opposite orientations. 

According to another aspect of the present invention, a method of forming a 
wellbore casing within a wellbore is provided that includes plastically deforming and 
radially expanding a first ^d of the tubular member, and plastically defonning and 
radially expanding a second md of the tubular member. 

According to another aspect of the present invention, a method of forming a 
wellbore casmg within a wellbore is provided that includes plastically deforming and 
radially expanding a first tubular member within the wellbore, positioning a second tubular 
member inside the first tubular member in an overls^ping relationship, plastically 
defonnmg and radially expanding the end of the second tubular member that overlaps with 
the first tubular member, and plastically deforming and radially expanding the rmaining 
portion of the second tubular member. 

According to another aspect of the present invention, an apparatus for forming a 
wellbore casing wifiiin a wellbore is provided that includes means for plastically 
deforming and radially expanding a first tubular member within the wellbore, means for 
positioning the second tubular member inside the first tubular member in an overlapping 
relationship, means for plastically deforming and radially expanding the end of the second 
tubular member that overlaps with the first tubular member, and means for plastically 
deforming and radially expanding the remaining portion of the second tubular member. 

According to another aspect of the present invention, an apparatus for bridging an 
axial gap between opposing pairs of wellbore casing within a weUbore is provided that 
includes means for siq^iporting a tubular m^ber in overlapping relation to the opposing 
ends of the wellbore casings, means for plastically deforming and radially expanding the 
tubular mCTiber, and 

means for plastically deformmg and radially expanding the tubular member and the 
opposing ends of the wellbore casmgs. 

According to another aspect of the present invention, a method of bridging an axial 
gap between opposing pairs of wellbore casing within a wellbore is provided that includes 
supporting a tubular member in overlapping relation to tfie opposing ends of the wellbore 
casings, plastically deforming and radially expanding the tubular member, and plastically 
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defcwming and ladiaUy expanding flie tubular member and the opposing ends of the 
wellbore casings. 

According to another aspect of the present invention, a method of fonning a 
structure having desired strength characteristics is provided that includes providing a first 
5 tubular member, and plastically deforming and radially expanding additional tubular 
members onto the interior surfece of the first tubular member untO the desired strength 
characteristics are achieved. 

According to another aspect of the present invention, amethod of forming a 
wellbore casing within a wellbore having desired strength characteristics is provided that 
1 0 includes plastically defiMming and radially expanding a first tubular member within the 
wellborn and plastically deforming and radially expanding additional tubular members 
onto the intoior surfece of ftie first tubular member until tiie desired strength 
chaiacteristics are adiieved. 

According to another aspect of Hie present invraition, a method of coupling a first 
1 5 tubular member to a second tubular member, the first tubular member having an origmal 
outside diameter ODo and an original waU thickness to, is provided that includes plastically 
defonning and radially expanding a first portion of the first tubular member to a first 
outside diameter, plasticaUy deforming and radially expanding another portion of the first 
tubular member to a second outside diameter, positioning the second tubular member 
20 inside the first tubular member in overlapping relation to the first portion of the first 

tubular member, plastically deforming and radiaUy expanding the second tubular member 
to a third outside diameter, and plastically deforming and radially expanding the second 
tubular member to a fourth outside diameter. The inside diameters of the first and second 
tubular members after the plastic deformations and radial expansions are substantially 
25 equal, and the ratio of the original outside diameter OD, of the first tubular manber to the 
original waU thickness to of the fiist tubular member is greater than or equal to 16. 

According to another aspect of the present invention, a method of fomung a mono- 
diameter wellbore casing is provided that inchides positioning a first tubular member 
within a wellbore, the first hibular member having an origuial outside diameter ODo and 
30 aaorignial wan tWcfcness to. plasticaUy defomiing and radially expanding a fi^ 
the first tubular member to a first outside diameter, plastically defoimmg and radially 
expanding another portion of ttie first hibuhirmembar to a second outside diameter. 
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positioning the second tubular member inside the first tubular member in overlapping 
relation to the first portion of fixe first tubular member, plastically deforming and radially 
expanding the second tubular member to a third outside diameter, and plastically 
deforming and radially expanding the second tubular m^ber to a fourth outside diameter. 
5 The inside diameters of the first and second tubular members after the plastic deformations 
and radial expansions are substantially equal, and the ratio of the original outside diameter 
ODo of the first tubular memb^ to the origixial wall thickness to of the first tubular member 
is greater than or equal to 16. 

According to another aspect of the present invention, an apparatus is provided that 

10 includes a plastically deformed and radially expanded tubular membo: having a first 
portion having a first outside diameter and a remaining portion having a second outside 
diameter. The ratio of the original outside diameter ODo of the first tubular member to tiie 
original wall thickness t^ of the first tubular member is greater than or equal to 16. 

According to anoflier aspect of the present invention, an apparatus is provided that 

1 5 includes a plastically defonned and radially expanded first tubular member having a first 
portion having a first outside diam^er and a remaining portion having a second outside 
diameter, and a plastically deformed and radially expanded second tubular member 
coiq)led to the first portion of the first tubular member. The ratio of the original outside 
diameter ODq of the first tubular memb^ to the original wall thickness to of die first 

20 tubular member is greater than or equal to 16. 

According to another aspect of the present invaition, a wellbore casing formed in a 
wellbore is provided that includes a plasticaUy deformed and radially expanded first 
tubular member having a first portion having a first outside diameter and a remaining 
portion having a second outside diameter, and a plastically deformed and radially 

2S expanded second tubular memh&c coupled to the first portion of the first tubular member. 
The ratio of the original outside diameter ODq of the first tubular member to the original 
wall thickness t^ of the first tubular member is greats than or equal to 16. 

According to another aspect of the present invention, an apparatus is provided that 
inchides a plastically defonned and radially expanded tubular member. The ratio of the 

30 original outside diameter ODq of the tubular member to the original wall thickness t^ of tibe 
tubular member is greater than or equal to 16. 
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Brief Description of the Drawings 
Fig. la is a cross sectional illustration of a wellbore including a preexisting 
wellbore casing. 

Fig. lb is a cross-sectional illustration of the placement of an embodiment of an 
5 apparatus for radially expanding a tubular member into the wellbore of Fig. la. 

Fig. Ic is a cross-sectional illustration of the injection of fluidic materials through 
the apparatus of Fig. lb. 

Fig. Id is a cross-sectional illustration of the injection of hardenable fluidic sealing 
materials through the ^paratus of Fig. Ic. 
1 0 Fig. le is a cross-sectional illustration of the pressurization of the region below the 

expansion cone of the apparatus of Fig. Id 

Fig. If is a cross-sectional illustration of the continued pressurization of the region 
below the expansion cone of the apparatus of Fig. le. 

Fig. Ig is a cross-sectional illustration of the continued pressurization of the region 
1 5 below flie expansion cone of the qjparatus of Fig. If following the removal of the over- 
expansion sleeve. 

Fig. Ih is a cross-sectional illustration of the completion of the radial expansion of 
the expandable tubular memb^ of the q>paratus of Fig. Ig. 

Fig. li is a cross-sectional illustration of the drilling out of a new section of the 
20 wellbore below the apparatus of Fig. Ih. 

Fig. Ij is a cross-sectional illustration of the radial CTpansion of another 
expandable tubular monber that overl^s with the ^paratus of Fig. li. 

Fig. Ik is a cross-sectional illustration of the secondary radial expansion of the 
other expandable tubular member of the apparatus of Fig. 11. 
25 Fig. 1 1 is a cross-sectional illustration of the conq^letion of the secondary radial 

expansion of tiie other expandable tubular membo- of Fig. Ik to form a mono-diameter 
wellbore casing. 

Fig. 2a is a cross sectional illustration of a wellbore including a preexisting 
wellboro casing. 

30 Fig. 2b is a cross-sectional illustration of die placemat of an embodiment of an 

^aratus for radially expanding a tubular member into flie wellbore of Fig. 2a. 
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Fig. 2c is a cross-sectional illustration of the injection of fluidic materials through 
the apparatus of Fig. 2b. 

Fig. 2d is a cross-sectional illustration of the injection of hardenaible fluidic sealing 
materials throu^ the apparatus of Fig. 2c. 
5 Fig. 2e is a cross-sectional illustration of Hio pressurization of the region below the 

expansion cone of the apparatus of Fig. 2d. 

Fig. 2f is a cross-sectional illustration of the continued pressurization of the region 
below the expansion cone of the ^paratus of Fig. 2e. 

Fig. 2g is a cross-sectional illustration of the completion of the radial expansion of 
10 the expandable tubular member of the apparatus of Fig. 2£ 

Fig. 2h is a cross-sectional illustration of the drilling out of a new section of the 
wellbore below the apparatus of Fig. 2g. 

Fig. 2i is a cross-sectional iUustration of the radial expansion of another 
expandable tubular member that overlaps with the s^aratus of Fig. 2h. 
IS Fig. 2j is a cross-sectional illustration of the secondary radial expansion of ttie 

otiier expandable tubular member of tibe ^paratus of Fig. 2i. 

Fig. 2k is a cross-sectional illustration of the completion of the secondary radial 
mansion of the other expandable tubular member of Fig. 2j to form a mono-diameter 
wellbore casing. 

20 Fig. 3 is a cross-sectional illustration of the apparatus of Fig. 2b illustrating the 

design and construction of the over-expansion insert. 

Fig. 3a is a cross-sectional illustration of an altemative embodiment of the ovct- 
expansion insert of Fig. 3. 

Fig. 4 is a cross-sectional illustration of an altemative embodiment of the ^aratus 
25 of Fig. 2b including a resilient hook for retrieving the ov^-eiq>ansion insert 

Fig. 5a is a cross-sectional illustration of a wellbore including a preexisting 
wellbore casing. 

Fig. 5b is a cross-sectional illustration of the formation of a new section of 
wellbore casing in the wellbore of Fig. 5a 
30 Fig. 5c is a fiagmentaiy cross-sectional illustration of die placement of an 

inflatable bladder into the new section of the wellbore casing of Fig. 5b. 
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Fig. 5d is a firagmentary ax>ss-sectional illustration of the inflation of the inflatable 
bladder of Fig. 5c. 

Fig. 5e is a cross-sectional ilhistration of the new section of wellbore casing of Fig. 
5d after over-expansion. 
5 Fig. 5f is a cross-sectional illustration of the new section of wellbore casing of Fig. 

5e after drilling out a new section of the wellbore. 

Fig. Sg is a cross-sectional illustration of the formation of a mono-diameter 
wellbore casing that includes the new section of the wellbore casing and an additional 
section of wellbore casing. 
10 Fig. 6a is a cross-sectional illustration of a wellbore including a preejdsting 

wellbore casing. 

Fig. 6b is a cross-sectional illustration of the formation of a new section of 
wellbore casing in the wellbore of Fig. 6a 

Fig. 6c is a fragmentary cross-sectional illustration of the placement of a roll^ 
1 S radial 6}q)ansion device into the new section of the wellbore casing of Fig. 6b. 

Fig. 6d is a cross-sectional illustration of tiie new section of wellbore casmg of Fig. 
6c after over-expansion. 

Fig. 6e is a cross-sectional illustration of the new section of wellbore casing of Fig. 
6d after drilling out a new section of the wellbore. 
20 Fig. 6f is a cross-sectional illiistration of the formation of a mono-diameter 

wellbore casing that includes the new section of the wellbore casing and an additional 
section of wellbore casing. 

Fig. 7a is a cross sectional illustration of a wellbore including a preexisting 
wellbore casing. 

25 Fig. 7b is a ooss-sectional illustration of the placemCTit of an embodiment of an 

apparatus for radially expanding a tubular member into the wellbore of Fig. 7a. 

Fig. 7c is a cross-sectional illustration of the injection of fluidic materials throug}! 
the apparatus of Fig. 7b. 

Fig. 7d is a cross-sectional illustration of the injection of hard^ble fluidic sealing 
30 materials tinough the ^aratus of Fig. 7c. 

Fig. 7e is a cross-sectional ilhistration of the pressurization of Ae region below flie 
e3q>ansion cone of the apparatus of Fig. 7d 
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Fig. 7f is a cross-sectional illustration of the contunied pressurization of the region 
below the expansion cone of the apparatus of Fig. 7e. 

Fig. 7g is a cross-sectional illustration of the conq)letion of the radial expansion of 
the e7q>andable tubular member of the q>paratus of Fig. 7£ 
5 Fig. 7h is a cross-sectional illustration of the drilling out of a new section of the 

wellbore below the apparatus of Fig. 7g. 

Fig. 7i is a cross-sectional illustration of the completion of the radial expansion of 
another expandable tubular member to form a mono-diameter wellbore casing. 

Fig. Sa is cross-sectional illustration of an wellbore including a preexisting section 
1 0 of wellbore casing having a recessed portion. 

Fig. 8b is a cross-sectional illustration of the placement of an apparatus for radially 
expanding a tubular member within the wellbore of Fig. 8a. 

Fig. 8c is a cross-sectional illustration of the injection of fluidic materials through 
the ^aratus of Fig. 8b. 
IS Fig. 8d is a cross-sectional illustration of the injection of a hardenable fluidic 

sealing mstsdal through the qiparatus of Fig. 8c. 

Fig. 8e is (^ss-sectional illustration of the isolation of flie region below the 
expansion cone and within the e3q)ansion cone launch^ of the apparatus of Fig. Sd. 

Fig. 8f is a cross-sectional illustration of the plastic deformation and radial 
20 expansion of the upper portion of the expandable tubular member of the £^aratus of Fig. 
8e. 

Fig. 8g is a cross-sectional illustration of the removal of the upper expansion cone 
from the wellbore of fig. 8f. 

Fig. 8h is a cross-sectional illustration of the continued pressurization of the region 
25 below the expansion cone of the apparatus of Fig. 8g to thereby plastically deform and 
radially expand the expansion cone launcher and expandable tubular member. 

Fig. 8i is a cross-sectional illustration of the completion of the initial radial 
expansion process of the apparatus of Fig. Sh. 

Fig. 8j is a cross-sectional illustration of tiie further radial expansion of the 
30 ^aratus of Fig. 8i in order to form a mono-diameter wellbore cadng. 

Fig. 9a is a cross-sectional illustration of a wellbore including upper and lower 
preexisting wellbore casings fliat are separated by an axial g^. 
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Fig. 9b is a cross-sectional illustration of the coupling of a tubular member to the 
opposing ends of the wellbore casings of Fig. 9a. 

Fig. 9c is a fragmentary cross-sectional illustration of the placement of a radial 
expansion device into the tubular member of Fig. 9b. 
5 Fig. 9d is a fragmentary cross-sectional illustration of the actuation of the radial 

e3q)ansion device of Fig. 9c. 

Fig. 9e is a cross-sectional of a mono-diameter wellbore casing generated by the 
actuation of the radial expansion device of Fig. 9d. 

Fig. 10 is a cross-sectional illustration of a mono-diamet^ wellbore casing that 
1 0 includes a plurality of layers of radially expanded tubular members along at least a portion 
oftiie its length. 

Fig. 1 1 a is a cross-sectional illustration of a wellbore including a casing formed by 
plastically deforming and radially e3q>anding a first tubular member. 

Fig. 1 lb is a cross-sectional illustration of a wellbore including another casing 
1 5 coupled to the preexisting casing by plastically deforming and radially expanding a second 
tabular member. 

Fig. 1 Ic is a cross-sectional illustration of a mono-diameter wellbore casmg 
formed by radially expanding the second tubular member a second time. 
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Detailed Description 
Several embodiments of methods and apparatus for forming a mono-diameter 
weltbore casing are disclosed. In several altmiative embodiments, the methods and 
apparatus may be used for form or repair mono-diameter wellbore casings, pipelines, or 
5 structural supports. Furthermore, while the present illustrative embodiments are described 
with reference to the formation of mono-diameter wellbore casings, the teachings of the 
present disclosure have general application to the formation or repair of wellbore casings, 
pipelines, and structural siq)ports. 

Referring initially to Fig. la, a wellbore 10 includes a preexisting wellbore casing 

10 IS. The wellbore 10 may be oriented in any orientation fiom the vertical to the horizontal 
The preexisting wellbore casing 1 S may be coiq>led to the upper portion of the wellbore 10 
using any number of conventional methods. In a preferred embodimoit, ttie wellbore 
casing IS is coiq>led to the upper portion of the wellbore 10 usiag one or more of the 
methods and apparatus disclosed in one or more of the following: (1) U.S. patent 

15 appKcation serial no. 09/454,139, attomey docket no, 25791.03.02, filed on 12/3/1999, (2) 
U.S. patent qiplication serial no. 09/510,913, attomey docket no. 25791.7.02, filed on 
2/23/2000, (3) U.S. patent qjplication serial no. 09/502,350, attomey docket no. 
25791.8.02, filed on 2/10/2000, (4) U.S. patent apphcation serial no. 09/440^38, attomey 
docket no. 25791.9.02, filed on 1 1/15/1999, (5) U.S. patent application serial no. 

20 09/523,460, attomey docket no. 25791.11.02, filed on 3/10/2000, (6) U.S. patent 

appUcation serial no. 09/512,895, attomey docket no. 25791.12.02, filed on 2/24/2000, (7) 
U.S. patent ^plication serial no. 09/511,941, attomey docket no. 25791.16.02, filed on 
2/24/2000, (8) U.S. patent ^pfication serial no. 09/588,946, attomey docket no. 
25791.17.02, filed on 6/7/2000, (9) U.S. patent q)plication serial no. 09/559,122, attomey 

25 docket no. 25791.23.02, filed on 4/26/2000, (10) PCT patent application serial no. 
PCT/US00/18635,^attomey docket no. 25791.25.02, filed on 7/9/2000, (1 1) US. 
provisional patent s^lication serial no. 60/162,671, attorney docket no. 25791.27, filed on 
1 1/1/1999, (12) U.S. provisional patent application serial no. 60/154,047, attomey docket 
no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent ^Ucation serial no. 

30 60/159,082, attomey docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisional 
patent q>plicatiQn serial no. 60/159,039, attomey docket no. 25791.36, filed on 
10/12/1999, (15) U.S. provisional patent ^plication serial no. 60/159,033, attomey docket 
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no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent ^plication serial no. 

, attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

provisional patent 2q)plication serial no. 60/165,228, attorney docket no. 25791.39, filed on 

1 1/12/1999, (18) U.S. provisional patent application serial no. , attorney 

5 docket no. 25791 .45, filed on 7/28/2000, (19) U.S. provisional patent application serial no. 

, attorney docket no. 25791.46, filed on 7/28/2000, and (20) U.S. 

provisional patent application serial no. , attorney docket no. 25791.47, 

filed on 9/1 8/2000, the disclosures of which are incorporated herein by reference. More 
gen»:ally, the preexisting wellbore casing 1 5 may be coupled to another preexisting 
10 wellbore casing and/or may include one or more concentrically positioned tubular 
members. 

Referring to Fig. lb, an apparatus 100 for radially expanding a tabular member 
may then be positioned wittiin tiie wellbore 10. The qiparatus 100 includes a tubular 
siQ>port member 105 defining a passage 1 10 for conveying fluidic materials. An 

15 expansion cone 115 defining a passage 120 and having an outer conical surface 125 for 
radially expanding tubular mmibers is coupled to an end of tiie tubular siq)port member 
105. An annular conical over-expansion sleeve 130 mates with and is removably coiq)led 
to the outer conical surfece 125 of the expansion cone 1 15. ii several alternative 
embodiments, the over-expansion sleeve 130 is fabricated from frangible materials such 

20 as, for example, c^^imic materials, in order to facilitate the removal of the over*expansion 
sleeve during operation of the apparatus 100. In this manner, the amount of radial 
expansion provided by the ^paratus may be decreased foUowing the removal of flie over- 
expansion sleeve 130. 

An e3q>an5ion cone launcher 135 is movably coupled to and supported by the 

25 expansion cone 1 15 and tiie over-esqpansion sleeve 130. The expansion cone launcher 135 
include an upp^ portion having an upper outer diameter, an intemiediate portion that 
mates with the expansion cone 115 and the over-e3q)ansion sleeve 130, an a lower portion 
having a low^ outer diameter. The lower outer diameter is greater than the upper outer 
diameter. A shoe 140 defining a valveable passage 145 is coupled to the Iowct portion of 

30 the expansion cone launcher 135. In a preferred embodiment, the valveable passage 145 
may be controllably closed in order to fluidicly isolate a region 150 below the expansion 
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cone 115 and bounded by the lower portion of the expansion cone launcher 135 and the 
shoe 140 from tbs region outside of flie i^aratus 100. 

An expandable tubular manbor 1 55 is coupled to the upper portion of the 
expansion cone launcher 135. One or more sealing members 160a and 160b are coupled 
5 to the exterior of the upper portion of the expandable tubxdar member 1 55. hi several 
alternative embodiments, the seahng members 160a and 160b may include elastomeric 
elonents and/or metallic elem^ts and/or composite clients. In several altemative 
embodiments, one or more anchoring elements may substituted for, or used in addition to, 
the sealing members 160a and 160b. 
10 Id a preferred embodiment, tiie siq>port membo: 105, the expansion cone 1 15, flie 

expansicm cone kmncher 135, the shoe 140, and Ihe expandable tubular member 155 are 
provided substantially as disclosed in one or more of the following: (1) U.S. patent 
plication serial no. 09/454,139, attorney docket no. 25791.03.02, filed on 12/3/1999,(2) 
U.S. patent q>plication soial no. 09/510,913, attorney docket no. 25791.7.02, filed on 

15 2/23/2000, (3) U.S. patent {Q>plication serial no. 09/502,350, attorney docket no. 

25791.8.02, filed on 2/10/2000, (4) U.S. patent application serial no. 09/440.338, attorney 
docket no. 25791.9.02, filed on 1 1/15/1999, (5) U.S. patent application serial no. 
09/523,460, attorney docket no. 25791.1 1.02, filed on 3/10/2000, (6) U.S. patent 
appUcation saialno. 09/512,895, attorney docket no. 25791.12.02, filed on 2/24/2000, (7) 

20 U.S. patent ^pKcation serial no. 09/51 1,941, attomey docket no. 25791 .16.02, filed oh 
2/24/2000, (8) U.S. patent application serial no. 09/588,946, attomey docket no. 
25791.17.02, filed on 6/7/2000, (9) U.S. patent ^Ucation serial no. 09/559,122, attomqr 
docket no. 25791.23.02, filed on 4/26/2000, (10) PCX patent appUcation serial no. 
PCT/USOO/18635, attomey docket no. 25791.25.02, filed on 7/9/2000, (11) U.S. 

25 provisional patent application serial no. 60/162,671, attomey docket no. 25791 JZ7, filed on 
1 1/1/1999, (12) U.S. provisional patent q^lication serial no. 60/154,047, attomey docket 
no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent qyplication serial no. 
60/159,082, attomey docket no. 2579134, filed on 10/12/1999, (14) U.S. provisional 
patent q>p]ication serial no. 60/159,039, attomey docket no. 25791 .36, filed on 

30 10/12/1999, (15) U.S. provisional patent af^licafion serial no. 60/159,033, attomey docket 
no. 25791.37, filed on 10/12/1999, (16) VS. provisional patent q>plication serial no. 
, attomey docket no. 25791.38, filed on 6/19/2000, (17) U.S. 



-19- 



wo 02/29199 PCT/USOl/30256 

provisional patent q^plication serial no. 60/165^28, attorney docket no, 2579139, filed on 

1 1/12/1999, (18) U.S. provisional patent ^plication serial no. , attorney 

docket no. 25791.45, filed on 7/28/2000, (19) U.S. provisional patent ^plication serial no. 

, attorney docket no, 25791.46, filed on 7/28/2000, and (20) U.S. 

5 provisional patent application serial no. , attorney docket no. 25791 .47, 

filed on 9/18/2000, the disclosures of which are incorporated herein by reference. 

As illustrated in Fig. lb, in a preferred embodiment, during placement of the 
apparatus iOO within the wellbore 10, fluidic materials 165 within the weUbore 10 are 
conveyed through the s^paratus 100 through the passages 1 10, 120 and 145 to a location 

10 above the ^aratus 100. In this manner, surge pressures during placement of the 
apparatus 100 within the wellbore 1 0 are reduced. In a prefened embodiment, the 
apparatus 100 is initially positioned within die wellbore 10 such fbat the top portion of Hie 
tubularmember 155 overlq)s with the preexisting casing 15. la fliis mamier, the upper 
portion of the expandable tubular member 155 may be radially expanded into contact with 

15 and coupled to the preexisting casing 15. As will be recognized by p^ons having 

ordinary ddll in the art, the precise initial position of the expandable tubular member 1 55 
will vary as a fimction of the amount of radial expansion, the amount of axial dirinkage 
during radial expansion, and the material properties of the expandable tubular member. 
As illustrated in Fig. Ic, a fluidic material 170 may thai be injected through the 

20 apparatus 1 00 througji the passages 1 10, 120, and 145 in order to test the proper operation 
of these passages. 

As illustrated in Fig. Id, a hardenable fluidic sealing material 175 may then be 
injected through the jqpparatus 100 through flie passages 1 10, 120 and 145 into the annulus 
between the apparatus and the wellbore 10. In this maimer, an annular bani^ to fluid 

25 migration into and out of the wellbore 10 may be formed around the radially expanded 
expansion cone launcher 135 and e3q>andable tubular member 155. The hardoiable fluidic 
sealing material may include, for example, a cement mixture. la several alternative 
embodiments, the injection of the hardenable fluidic sealing material 175 may be omitted. 
In several alternative embodiments, the hardenable fluidic sealmg material 175 is 

30 conqpressible^ before, during and/or after, the curing process. 

As illustrated in Fig. le, a noiirhardenable fluidic material 180 may then be 
injected into the sqyparatus through the passages 1 10 and 120. A ball plug 1 85, or other 
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similar device, may then be injected with the fluidic material 1 80 to thereby seal off the 
passage 145. In this mamier» the region 1 50 may be pressurized by the continued injection 
of the fluidic material 180 into the apparatus 100. 

As illustrated in Fig. 1^ the continued injection of the fluidic material 1 80 into the 
apparatus 100 causes the expansion cone launcha: 135 and expandable tubular member 
155 to be plastically deformed and radially expanded off of the over-expansion sleeve 130. 
In this manner, the expansion cone 115 and over-expansion sleeve 130 are displaced 
relative to the expansion cone launcher 135 and expandable tubular member 155 in the 
axial direction. 

After a predetermined time period and/or after a predetermined axial di^lacement 
of the expansion cone 115 relative to the expansion cone laimcher 135 and expandable 
tubular member 155, the over-expansion sleeve 130 may be removed fiom the outer 
conical surface 125 of the expansion cone 1 15 by the iqpplicatidn of a predetermined 
upward shock load to the siq)port member 105. In a preferred embodiment, the shock load 
causes the frangible over-expansion sleeve 130 to fracture into small pieces that are then 
forced off of the outer conical surface 125 of the expansion cone 1 15 by the continued 
pressurization of the region 150. hi a preferred embodiment, the pieces of the over- 
mansion sleeve 130 are pulverized into grains of material by the continued pressurization 
of the region 150. 

Referring to Fig. Ig, following the removal of the frangible over-expansion sleeve 
1 30, the continued pressurization of the region 150 causes the expandable tubular member 
155 to be plastically deformed and radially expanded and extruded off of the outer conical 
surface 125 of the expansion cone 115. Note that the amount of radial expansion provided 
by the outer conical surface 125 of expansion cone 1 15 is less than the amount of radial 
expansion provided by the combination of the over-expansion sleeve 130 and the 
expansion cone 1 15. Li this manner, as illustrated in Fig. Ih, a recess 185 is formed in the 
radially oxpexided tubular member 155. 

After completing the plastic deformation and radial expansion of the tubular 
member 155, the hardenable fluidic sealing material is allowed to cure to th^by form an 
annular body 190 that provides a hairier to fluid flow into or out of the wellbore 10. 

Referring to Fig. li, the shoe 140 may then removed by drilling out tfie shoe using 
a conveational drilling device. A new section of the wellbore 1 0 may also be drilled out in 
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order to permit additional expandable tubular members to be coupled to the bottom portion 
of &e plastically deformed and radially cTcpanded tubular m^ber 1 55. 

Referring to Fig. Ij, a tubular member 200 may then be plastically deformed and 
radially expanded using any number of conventional methods of radially expanding a 
5 tubular member. In a preferred embodiment, the xipper portion of the radially expanded 
tubular member 200 overlaps with and mates with the recessed portion 1 85 of the tubular 
member 155. In a preferred embodiment, one or more sealing members 205 are coi^led to 
the exterior surface of the upper portion of the tubular member 200. In a preferred 
embodiment, the sealing m^nbers 205 seal the inter&ce betvtreen the upper portion of the 
10 tubular member 200 and the recessed portion 1 85 of the tubular member 1 55. hi several 
alternative embodiments, the sealing members 205 may include elastomeric elements 
and/or metallic elements and/or composite elements. In several alternative embodiments, 
one or more anchcmng elements may substituted for, or used in addition to, the sealing 
members 205. In a preferred embodiment, an annular body 210 of a hanlenable fluidic 
1 5 sealing material is also formed around the tubular member 200 using one or more 
conventional methods. 

In a preferred embodiment, the tubular member 200 is plastically deformed and 
radially expanded, and the annular body 210 is formed using one or more of the apparatus 
and methods disclosed in the following: (1) U.S. patent application serial no. 09/454,139, 
20 attomey docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent ^phcation serial no. 
09/510,913, attomey docket no. 25791.7.02, filed on 2/23/2000, (3) U.S. patent application 
serial no. 09/502,350, attomey docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent 
apphcation serial no. 09/440,338, attomey docket no. 25791.9.02, filed on 1 1/15/1999, (5) 
U.S. patent ^pKcation serial no. 09/523,460, attomey docket no. 25791.1 1 .02, filed on 
25 3/10/2000, (6) U.S. patent application serial no. 09/512,895, attorney docket no. 

25791.12.02, filed on 2/24/2000, (7) U.S. patent apphcation serial no. 09/51 1,941, attomey 
docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent s^Kcation serial no. 
09/588,946, attomey docket no. 25791.17.02, filed on 6/7A2000, (9) U.S. patent ^plication 
serial no. 09/559,122, attomey docket no. 25791.23.02, filed on 4/26/2000, (10) PCT 
30 patent qjplicalion saial no. PCT/USOO/18635, attomey docket no. 25791.25.02, filed on 
7/9^000, (1 1) U.S. provisional patent plication serial no. 60/162,671, attomey docket 
no. 25791.27, filed on 1 1/1/1999, (12) U.S. provisional patent plication serial no. 
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60/154,047, attorney docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent 
application serial no. 60/159,082, attorney docket no. 25791.34, filed on 10/12/1999, (14) 
U.S. provisional patent application serial no. 60/159,039, attorney docket no. 25791.36, 
filed on 10/12/1999, (15) U.S. provisional patent application serial no. 60/159,033, 
5 attorney docket no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent application 

serial no. , attorney docket no. 25791 .38, filed on 6/19/2000, (17) U.S. 

provisional patent application serial no, 60/165,228, attorney docket no. 25791.39, filed on 

1 1/12/1999, (18) U.S. provisional patent application serial no. , attorney 

dock^ no. 25791.45, filed on 7/28/2000, (19) U.S. provisional patent application soial no. 

10 , attorney docket no. 25791.46, filed on 7/28/2000, and (20) U.S. 

provisional patent plication serial no. , attorney docket no. 25791.47, 

filed on 9/18/2000, the disclosures of which are incoiporated herein by lefeience. 

In an alternative embodiment, the annular body 210 maybe omitted. In several 
alternative embodiments, fiie annular body 210 may be radially compressed before, during 
1 5 and/or after curing. 

Referring to Fig. Ik, an expansion cone 215 may then be driven in a downward 
direction by fluid pressure and/or by a siq)port member 220 to plastically deform and 
radially expand the tubular member 200 such that the interior diameter of the tubular 
members 155 and 200 are substantially equal. In this manner, as illustrated in Fig. 11, a 
20 mono-diameter wellbore casing may be formed. 

Referring to Figs. 2a and 2b, in an alternative embodiment, an apparatus 300 for 
radially expanding a tubular member may then be positioned wittdn the wellbore 10. The 
apparatus 300 includes a tubular support memb^ 305 defining a passage 310 for 
conveying fluidic materials. An expansion cone 315 defining a passage 320 and having an 
25 outer conical surfiice 325 fi>r radially e3q)and]ng tubular monbers is coiqiled to an end of 
the tubular siqsport member 305. An annular conical over-expansion insert 330 mates witiii 
and is rmiovably coi^led to the outer conical surface 325 of the e]q>ansion cone 315. 

An e3q>ansion cone launcher 335 is movably coiq)led to and supported by the 
e3q[)ansion cone 315 and the over-mansion insert 330. The expansion cone launcher 335 
30 includes an iq>per portion having an i^per outer diameter, an intermediate portion that 
mates with the expansion cone 315 and the over-e}q)ansion insert 330, an a lower portion 
having a lower outer diameto:. The lower outer diameter is greater fiian the upper outer 
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diaxnet^. A shoe 340 defining a valveable passage 345 is coiq)led to the lower portion of 
the expansion cone launcher 335. In a preferred emhodiment, the valveable passage 345 
may be controllably closed in order to fluidicly isolate a region 350 below the expansion 
cone 3 1 5 and bounded by the lower portion of the expansion cone launcher 335 and the 
5 shoe 340 from the region outside of the apparatus 300. 

hi a preferred embodiment, as illustrated in Fig. 3, the over-expansion insert 330 
includes a plurality of spaced-^art arcuate inserts 330a, 330b, 330c and 330d that are 
positioned between the outer conical surface 325 of the expansion cone 3 15 and the inner 
sur&ce of the intermediate portion of the expansion cone launcher 335. In this manner, 

10 the relative axial displacemfflt of the e}q>ansion cone 315 and the expansion cone launcher 
335 will cause the e:^ansion cone to ov^-^and the intennediate portion of the 
expansion cone launcher. In this manner, a recess may be formed in the radially expanded 
expansion cone launcher 335. In s&vml altCTiative embodimeats, the inserts 330a, 330b, 
330c, and 330d iall out of the recess and/or are removed from the recess using a 

1 5 conventional retrieval tool upon the completion of the radial expansion process. 

hi an alternative ranbodiment, as illustrated in Fig. 3a, the over expansion insert 
330 further mcludes intennediate resilieat members 331a, 331b, 331c, and 331d for 
resiUently coupling the inserts 330a, 330b, 330c, and 330d. hi this manner, upon the 
conq>Ietion of the radial expansion process, the resilient force exerted by the resiUent 

20 members 33 1 causes the over-expansion insert to coll^se in the radial direction and 
thereby fall out of the recess. 

An expandable tubular member 355 is coupled to the upper portion of the 
expansion cone launcher 335. One or more sealing members 360a and 360b are coiq>led 
to tide extoior of the iQ>per portion of the expandable tubular member 355. hi sev^ 

25 alternative embodiments, the sealing memb^ 360a and 360b may include ekistomeric 
elements and/or metallic elements and/or conq>osite elements. In several alternative 
CTibodiments, one or more anchoring elements may substituted for, or used in addition to, 
the sealmg memb^ 360a and 360b. 

In a preferred embodiment, the siqiport member 305, the expansion cone 315, the 

30 ffipansion cone launcher 335, the shoe 340, and the expandable tubular member 355 are 
provided substantially as disclosed in one or more of the followmg: (1) U.S. patent 
qipKcation serial no. 09/454,139, attorney docket no. 25791.03.02, filed on 12/3/1999, (2) 
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U.S. patent plication sraial no. 09/510,913, attorney docket no. 25791.7.02, filed on 
2/23/2000, (3) U.S. patent application serial no. 09/502,350, attorney docket no. 
25791.8.02, filed on 2/10/2000, (4) U.S. patent application serial no. 09/440,338, attorney 
docket no. 25791.9.02, filed on 1 1/15/1999, (5) U.S. patent application serial no. 
5 09/523,460, attorney docket no. 25791.1 1.02, filed on 3/10/2000, (6) U.S. patent 

qyplication serial no. 09/512,895, attorney docket no. 25791.12.02, filed on 2/24/2000, (7) 
U.S. patent plication serial no. 09/51 1,941, attorn^ docket no. 25791.16.02, filed on 
2/24/2000, (8) U.S. patent ^plication serial no. 09/588,946, attorney docket no. 
25791.17.02, filed on 6/7/2000, (9) U.S. patent iqipfication serial no. 09/559,122, attorney 

10 docket no. 25791 .23.02, filed on 4/26/2000, (10) PCT patent qjplication sraial no. 
PCT/USOO/18635, attorney docket no. 25791.25.02, filed on 7/9/2000, (11) U.S. 
provisional pataat i^lication soial no. 60/162,671, attorney docket no. 25791 .27, filed on 
1 1/1/1999, (12) U.S. provisional patent application serial no. 60/154,047, attorn^ (tocket 
no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent plication serial no. 

15 60/159,082, attorney docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisional 
patoit application serial no. 60/159,039, attorney docket no. 25791.36, filed on 
10/12/1999, (15) U.S. provisional patent ^plication serial no. 60/159,033, attorney docket 
no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent application serial no. 
, attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

20 provisional patent q>plication serial no. 60/1 65,228, attorney docket no. 2579 1 .39, filed on 

11/12/1 999, (1 8) U.S. provisional patent triplication serial no. , attorney 

docket no. 25791.45, filed on 7/28/2000, (19) U.S. provisional patent ^plication soial no. 

, attorney docket no. 25791.46, filed on 7/28/2000, and (20) U.S. 

provisional patent 2q;>p]ication serial no. , attorney docket no. 25791.47, 

25 filed on 9/I8/2OOO9 ttie disclosures of which die incoiporated herein by reference. 

As iUustrated in Fig. 2b, in a preferred embodiment dining placement of the 
apparatus 300 within the wellbore 10, fluidic materials 365 wittiin flie wellbore 10 are 
conveyed through the ^aratus 300 through the passages 310, 320 and 345 to a location 
above the apparatus 300. la this manner, surge pressures during placement of the 

30 apparatus 300 within the wellbore 10 are reduced. In apreferred embodimmt, the 

apparatus 300 is initially positioned within the wellbore 10 such that the top portion of the 
tubular member 355 overly wifli flie preexisting casing 15. In this mamier, the iq>per 
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portion of the expandable tubular member 355 may be radially expanded into oontact with 
and coiq>led to the preexisting casing IS. As will be recognized by persons having 
ordinary skill in the art, the precise initial position of the expandable tubular member 355 
will vary as a function of the amount of radial expansion, the amount of axial shrinkage 
5 during radial expansion, and the material properties of the expandable tubular member. 

As illustrated in Fig. 2c, a fluidic material 370 may then be injected through the 
apparatus 300 throu^ the passages 310, 320, and 345 in order to test the proper operation 
of these passages. 

As illustrated in Fig* 2d, a hardenable fluidic sealing material 375 may then be 
10 injected through flie apparatus 300 ttiiou^ the passages 310, 320 and 345 into the annutus 

between the apparatus and the wellbore 10. In this manner, an annular barrier to fluid 

migration into and out of the wellbore 10 may be formed around the radially expanded 

expansion cone launcher 335 and expandable tubular member 355. The hardenable fluidic 

sealing material may include, for exanq>le, a cement mixture. In several alternative 
1 5 embodiments, the injection of the hardraable fluidic sealing material 375 may be omitted. 

In several alternative embodiments, the hardenable fluidic sealing material 375 is 

compressible, before, during and/or aft^, the curing process. 

As illustrated in Fig. 2e, a non-hardenable fluidic material 380 may then be 

injected into the ^paratus through the passages 310 and 320. A ball plug 385, or other 
20 similar device, may then be mjected with the fluidic material 380 to thereby seal off the 

passage 345. In this manner, the region 350 may be pressurized by the continued injection 

of the fluidic material 380 into the q>paratus 300. 

As illustrated in Fig. 2f, the continued injection of the fluidic material 380 into the 

apparatus 300 causes the expansion cone launcher 335 to be plastically defomaed and 
25 radially ^cpanded off of the over-expansion insert 330. Id this manner, the expansion cone 

315 is displaced relative to the expsxmon cone launcher 335 and expandable tubular 

memb^ 355 in the axial direction. 

Once the radial expansion process has progressed beyond tiie over-expansion insert 

330, the radial expansion of the e}q>ansion cone laimcher 335 and expandable tubular 
30 member 355 is provided solely by the outer conical surfiice 325 of the expansion cone 315. 

Note that the amount of radial mansion provided by the out^ conical sur&ce 325 of 

expansion cone 3 15 is less than tiie amount of radial expansion provided by the 
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combination of the over-expansion ins^ 330 and the expansion cone 315. In this manner, 
as illustiated in Fig. 2g, a recess 390 is formed in ttie radially expanded tubular member 
355. 

In several alternative embodiments, the over-expansion insert 330 is removed jfrom 
tiie recess 390 by falling out and/or removal using a conventional retrieval tool. In an 
alternative embodiment, the resilient force provided by the resilient members 331a, 331b, 
331c, and 33 Id cause the insert 330 to collapse in the radial direction and thereby fell out 
of the recess 390. In an alternative embodiment, as illustrated in Fig. 4, one or more 
resilient hooks 395a and 395b are coupled to flie bottom of the ejqpansion cone 315 for 
retrieving the over-expansion insot 330 during or after the completion of the radial 
e^ansion process. 

After cornpleting the plastic deformation and radial expansion of the tubular 
member 355, the hardenable fluidic sealing material is allowed to cure to thereby form an 
annular body 400 that provides a barrier to fluid flow mto or out of the wellbore 10. 

Referring to Fig. 2h, the shoe 340 may tbm removed by drilling out tiie shoe using 
a conventional drilling device. A new section of the wellbore 10 may also be drilled out in 
order to permit additional expandable tubular members to be coupled to the bottom portion 
of the plastically deformed and radially expanded tubular member 355. 

Refaring to Fig. 2j, a tubular memb^ 405 may then be plastically deformed and 
radially expanded using any number of conventional methods of radially expanding a 
tubular member. In a preferred embodhnent, the upper portion of the radially expanded 
tubular member 405 overlaps with and mates with the recessed portion 390 of the tubular 
member 355. In a preferred embodiment, one or more sealing members 410 are coupled to 
the exterior surface of the vpper portion of the tubular member 405. In a preferred 
embodiment, the sealing mmibers 410 seal flie inter&ce between the upper portion of the 
tubular member 405 and the recessed portion 390 of flie tubular member 355. hi several 
attonative embodiments, the sealing members 410 may include elastomeric elements 
and/or metallic elmioils and/or composite elecnents. In several alternative embodiments, 
one or more andioring elements may substituted for, or used in addition to, the sealing 
members 410. In a preferred embodiment, an armular body 415 of a hardenable fluidic 
sealing material is also formed around the tubular member 405 using one or more 
conventional methods. 
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In a preferred embodiment, the tubular member 405 is plastically deformed and 
radially expanded, and the annular body 415 is formed using one or more of the apparatus 
and methods disclosed in the following: (1) U.S. patent application serial no. 09/454,139, 
attorney docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent application serial no. 
5 09/510,913, attorney docket no. 25791.7.02, filed on 2/23/2000, (3) U.S. patent ^plication 
serial no. 09/502,350, attorney docket no. 25791 .8.02, filed on 2/10/2000, (4) U.S. patent 
application serial no. 09/440^38, attorney docket no. 25791.9.02, filed on 1 1/15/1999, (5) 
U.S. patent application serial no. 09/523,460, attorney docket no. 25791.1 1.02, filed on 
3/10/2000, (6) U.S. patent plication serial no. 09/512,895, attorney docket no. 

10 25791.12.02, filed on 2/24/2000, (7) U.S. patent ^>plication serial no. 09/511,941, attorney 
docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent plication serial no. 
09/588,946, attomey docket no. 25791.17.02, filed on 6/7^000, (9) U.S. patent application 
serial no. 09/559,122, attomey docket no. 25791.23.02, filed on 4/26/2000, (10) PCT 
patent application serial no. PCT/USOO/18635, attomey docket no. 25791.25.02, filed on 

15 7/9/2000, (1 1) U.S. provisional patent q)plication serial no. 60/162,671, attomey docket 
no. 25791.27, filed on 11/1/1999, (12) U.S. provisional patent application serial no. 
60/154,047, attomey docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent 
plication serial no. 60/159,082, attomey docket no. 25791.34, filed on 10/12/1999, (14) 
U.S. provisional patent application serial no. 60/159,039, attomey docket no. 25791.36, 

20 filed on 10/12/1999, (15) U.S. provisional patent ^plication serial no. 60/159,033, 

attomey docket no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent application 

serial no. , attomey docket no. 25791 .38, filed on 6/19/2000, (17) U.S. 

provisional patent ^plication smal no. 60/165,228, attomey docket no. 25791.39, filed on 
1 1/12/1999, (18) U.S. provisional patent plication serial no. , attomey 

25 docket no. 25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial no. 

, attomey docket no. 25791.46, filed on 7/28/2000, and (20) U.S. 

provisional patent application serial no. , attomey docket no. 25791 .47, 

filed on 9/18/2000, the disclosures of which are incorporated herein by reference. 

In an alternative aibod]ment,1he annular body 415 niay be onutte^ In several 

30 alternative embodiments, the annular body 415 may be radially compressed before, during 
and/or after curing. 



-28- 



wo 02/29199 PCTAJSOl/30256 

Referring to Fig. 2j, an expansion cone 420 may then be drivai in a downward 
direction by fluid pressure and/or by a support member 425 to plastically deform and 
radially expand the tubular member 405 such that the interior diameter of the tubular 
members 355 and 405 are substantially equal. In this manner, as illustrated in Fig. 2k, a 
5 mono-diameter wellbore casing may be formed. 

Referring to Figs 5a-5b, in an alternative embodiment, a tubular member 500 
having a shoe 505 may be plastically deformed and radially expanded and thereby coupled 
to the preexisting section of wellbore casing 15 using any number of conventional 
methods. An annular body of a fluidic sealing material 510 may also be formed around the 

10 tubular member 500 using anynumber of convmtional methods, hi a preferred 

embodiment, the tubiilar member 500 is plastically deformed and radially expanded and 
the annular body 510 is formed using one or more of the methods and ^paratus disclosed 
in one or more of flie following: (1) U.S. patent application serial no. 09/454,139, attorney 
docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent appKcation serial no. 

15 09/510,913, attomey docket no. 25791.7.02, filed on 2/23/2000, (3) U.S. patent ^Ucation 
serial no. 09/502,350, attomey docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent 
application SCTial no. 09/440,338, attomey docket no. 25791.9.02, filed on 11/15/1999, (5) 
U.S. patent application serial no. 09/523,460, attorney docket no. 25791 . 1 1 .02, filed on 
3/10/2000, (6) U.S. patent ^Ucation serial no. 09/5 12,895, attomey docket no. 

20 25791. 12.02, filed on 2/24/2000, (7) U.S. patent apphcation serial no. 09/51 1,941, attomey 
docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent E^jplication serial no. 
09/588,946, attomey docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. patent apphcation 
serial no. 09/559,122, attomey docket no. 25791.23.02, filed on 4/26/2000, (10) PCX 
patent application serial no. PCT/USOO/18635, attomey docket no. 25791.25.02, filed on 

25 7/9/2000, (1 1) U.S. provisional pat^ application serial no. 60/162,671, attomey docket 
no. 25791-27, filed on 1 1/1/1999, (12) U.S. provisional patent plication serial no. 
60/154,047, attomey docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent 
application serial no. 60/1 59,082, attomey docket no. 25791 .34, filed on 10/12/1999, (14) 
U.S. provisional patent application serial no. 60/159,039, attomey docket no. 25791.36, 

30 filed on 10/12/1999, (15) U.S. provisional patent apphcation serial no. 60/159,033, 

attomey docket no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent apphcation 
serial no. , attomey docket no. 25791.38, filed on 6/19/2000, (17) U.S. 
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provisional patent application serial no. 60/165,228, attorney docket no. 25791 .39, filed on 

1 1/12/1999, (18) U.S. provisional patent application serial no. , attorney 

docket no. 25791.45, iBled on 7/28/2000, (19) U.S. provisional patent application serial no. 

, attorney docket no. 25791.46, jBled on 7/28/2000, and (20) U.S. 

5 provisional patent ^plication serial no. , attorney docket no. 25791.47, 

filed on 9/18/2000, the disclosures of which are incorporated herein by reference. 

In several alternative embodiments, the annular body 5 10 may be omitted or may 
be compressible before, during, or after curing. 

Referring to Figs. 5c and 5d, a conventional inflatable bladd^ 515 may then be 

1 0 positioned within the tubular member 500 and inflated to a sufiScient operating pressure to 
plastically defom and radially expand a portion of the tubular member to fliereby form a 
recess 520 in die tubular member. 

Refenring to Figs. 5e and 5f, fhe inflatable bladder 515 may then be removed and 
the shoe 505 drilled out using a conventional drilling device. 

1 5 Referring to Fig. 5g, an additional tubular member 525 may llien be plastically 

deformed and radially expanded in a convendonal masn^ and/or by using one or more of 
the methods and apparatus described above in order to form a mono-diameter weUbore 
casing. Before, during or after the radial expansion of the tubular member 525, an annular 
body 530 of a fluidic sealing material may be formed around the tubular member in a 

20 conventional manner and/or by using one or more of the methods and apparatus described 
above. 

In several alternative embodiments, the inflatable bladder 515 may be coupled to 
the bottom of an expansion cone in order to pennit the ov^-expansion process to be 
performed during the radial expansion process implemented using fhe expansion cone. 

25 Referring to Figs 6a-6b, in an alternative embodiment, a tubular member 600 

having a shoe 605 may be plastically deformed and radially eicpanded and thereby coupled 
to tiie preexisting section of wellbore casii^ 15 using any number of conventional 
mettiods. An annular body of a fluidic sealing material 610 may also be fomied around fhe 
tubular member 600 using any number of conventional meOiods. Ihainreferred 

30 embodiment, the tubular member 600 is plastically deformed and radially expanded and 
the annular body 6 1 0 is formed using one or more of flie methods and apparatus disclosed 
in one or more of the followiug: (1) U.S. patent application serial no. 09/454,139, attorney 
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docket no. 25791.03.02, filed on 12/3/1999, (2) US. patent appUcation serial no. 
09/510,913, attorney docket no. 25791.7.02, filed on 2/23/2000, (3) U.S. patent ^plication 
serial no. 09/502,350, attorney docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent 
application SCTial no. 09/440,338, attorney docket no. 25791 .9.02, filed on 1 1/15/1999, (5) 
5 U.S. patent application serial no. 09/523,460, attorney docket no. 25791 .1 1.02, filed on 
3/10/2000, (6) U.S. patent plication serial no. 09/512,895, attorney docket no. 
25791.12.02, filed on 2/24/2000, (7) U.S. patent appUcation serial no. 09/511,941, attorney 
docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent ^plication s«ial no. 
09/588,946, attorney docket no. 25791 .17.02, filed on 6/7/2000, (9) U.S. patent appUcation 

10 serial no. 09/559,122, attorney docket no. 25791.23.02, filed on 4/26/2000, (10) PCT 
patent appUcation serial no. PCT/USOO/18635, attorney docket no. 25791.25.02, filed on 
7/9/2000, (1 1) U.S. provisional patent appUcation serial no. 60/162,671, attorney docket 
no. 25791.27, filed on 1 1/1/1999, (12) U.S. provisional patent ^Ucation serial no. 
60/154,047, attorney docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent 

15 appUcation serial no. 60/159,082, attorney docket no. 25791.34, filed on 10/12/1999, (14) 
U.S. provisional patent appUcation serial no. 60/159,039, attorney docket no. 25791.36, 
filed on 10/12/1999, (15) U.S. provisional patent q)pUcation serial no. 60/159,033, 
attorney docket no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent appUcation 
serial no. , attorney docket no. 25791 .38, filed on 6/19/2000, (17) U.S. 

20 provisional patent appUcation serial no. 60/165,228, attorney docket no. 25791 .39, filed on 

1 1/12/1999, (18) U.S. provisional patent q)pUcation serial no. , attorney 

docket no. 25791.45» filed on 7/28/2000, (19) U.S. provisional patent qypUcation smal no. 

, attorney docket no. 25791.46, filed on 7/28/2000, and (20) U.S. 

provisional patent ^Ucation serial no. , attorney docket no. 25791.47, 

25 filed on 9/18/2000, the disclosures of which are incorporated herein by referaice. 

In several alternative embodiments, tiie annular body 610 may be omitted or may 
be conq>resaible before, during, or after curing. 

Referring to Figs. 6c and 6d, a conventional roller expansion device 615 may then 
be positioned within the tubular member 600 and operated in a conventional manner £q>ply 

30 a radial force to the interior surface of the tubular member 600 to plastically deform and 
radiaUy expand a portion of the tubular member to thereby form a recess 620 in the tubular 
member. As wiU be recognized by persons having ordinary skiU in the art, a roUer 



-31- 



wo 02/29199 PCT/USOl/30256 

expansion device ^ically utilizes one or more rollers that, through rotation of the device, 
apply a radial force to the interior surfaces of a tubular member* In several alternative 
embodiments, the roller expansion device 615 may include eccentric rollers such as, for 
example, as disclosed in U.S. Pat. Nos. 5,014,779 and 5,083,608, the disclosures of which 
are incorporated herein by reference. 

Referring to Figs. 6d and 6e, the roller expansion device 615 may thm be removed 
and the shoe 605 drilled out using a conventional drilling device. 

Referring to Fig. 6f, an additional tubular member 625 may then be plastically 
deformed and radially expanded in a conventional maimer and/or by using one or more of 
the methods and apparatus described above in order to form a mono-diameter wellbore 
casing. Before, during or after the radial expansion of the tubular membo: 625, an aimular 
body 630 of a fluidic sealing material maybe formed around the tubular member in a 
conventional maimer and/or by using one or more of the methods and apparatus described 
above. 

In several alternative embodiments, the roller expansion device 615 may be 
coupled to the bottom of an expansion cone in order to permit the over-expansion process 
to be performed during the radial expansion process inq)lemeQted using the expansion 
cone. 

Referring initially to Fig. 7a, a wellbore 10 includes a preexisting wellbore casing 
15. The wellbore 1 0 may be orirated in any orientation from the vertical to the horizontal. 
The preexisting wellbore casing 15 may be coupled to the upper portion of the weUbore 10 
using any number of conventional methods. In a preferred embodiment, the wellbore 
casing 15 is coiq)led to the upper portion of the wellbore 10 using one or more of the 
methods and ^aratus disclosed in one or more of the following: (I) U.S. patent 
plication serial no. 09/454,139, attom^ docket no. 25791.03.02, ffled on 12/3/1999, (2) 
U.S. patent plication serial no. 09/510,913, attorney docket no. 25791.7.02, fQed on 
2/23/2000, (3) U.S- patrat appHcation serial no. 09/502^50, attorney docket no. 
25791.8.02, filed on 2/10/2000, (4) U.S. patent application serial no. 09/440,338, attomey 
docket no. 25791.9.02, filed on 1 1/15/1999, (5) U.S. patent j^lication serial no. 
09/523,460, attomey docket no. 25791.1 L02, filed on 3/10/2000, (6) U.S. patent 
^plication serial no. 09/512,895, attomey dock^ no. 25791.12.02, filed on 2/24/2000, (7) 
U.S. patent application serial no. 09/511,941, attomey docket no. 25791.16.02, filed on 
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2/24/2000, (8) U.S. patent application serial no. 09/588,946, attorney docket no. 
25791.17.02, filed on 6/7/2000, (9) U.S. patent appKcation serial no. 09/559,122, attorney 
docket no. 25791.23.02, filed on 4/26/2000, (10) PCT patent appUcation serial no. 
PCT/USOO/18635, attorney docket no. 25791.25.02, filed on 7/9/2000, (11) U.S. 
5 provisional patent ^plication serial no. 60/162,671, attorney docket no. 25791.27, filed on 
1 1/1/1999, (12) U.S. provisional patent application serial no. 60/154,047, attorney docket 
no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent ^plication serial no. 
60/159,082, attorney docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisional 
patent application serial no. 60/159,039, attorney docket no. 25791.36, filed on 

10 10/12/1999, (15) U.S. provisional patent q)plication serial no. 60/159,033, attorney docket 
no. 2579137, filed on 10/12/1999, (16) U.S. provisional patent application serial no. 

, attorney docket no. 25791.38, filed on 6/19/2000. (17) U.S. 

provisional patent plication serial no. 60/165,228, attorney docket no. 25791.39, filed on 
1 1/12/1999, (18) U.S. provisional patent plication serial no. , attorney 

15 docket no. 25791.45, filed on 7/28/2000, (19) U.S. provisional patent s^lication serial no. 

, attorney docket no. 25791.46, filed on 7/28/2000, and (20) U.S. 

provisional patent plication serial no. , attorney docket no. 25791.47, 

filed on 9/18/2000, the disclosures of which are incorporated herein by reference. More 
generally, Ae preexisting wellbore casing 15 may be coupled to another preexisting 

20 wellbore casing and/or may include one or more concentrically positioned tubular 
members. 

Referring to Fig. 7b, an ^paratus 700 for radially expanding a tubular member 
may then be positioned within the wellbore 10. The apparatus 700 includes a tubular 
support member 705 defining a passage 710 for conveying fluidic materials. An 
25 expansion cone 715 defining a passage 720 and having an outer conical surface 725 for 
radially expanding tubular members is coiq>led to an end of the tubular siQ)port member 
705. 

An e^q^ansion cone launcher 735 is movably coiq;>led to and supported by the 
estpansion cone 715. The expansion cone launcher 735 includes an upper portion 735a 
30 having an iqiper outer diameter, an intermediate portion 735b that niates witti the 

e3q>ansion cone 715, and a lower portion 73Sc havmg a lower outer diameter. The lower 
ovAer diameter is greater than the tq>per outer diameter. The expansion cone launcher 735 
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fiirfher mcludes a recessed portion 73Sd having an outer diameter that is less than tiie 
lower outer diameter. 

A shoe 740 defining a valveable passage 745 is coupled to the lower portion of ttie 
expansion cone laxmcher 735. In a preferred embodiment, the valveable passage 745 may 
5 be controllably closed in order to fluidicly isolate a region 750 below the expansion cone 
715 and bounded by the lower portion 735c of the expansion cone launcher 735 and the 
shoe 740 from the region outside of the apparatus 700. 

An expandable tubular member 755 is coupled to the upper portion 735a of the 
e}q>ansion cone launcher 735. One or more sealing members 760a and 760b may be 

10 coiQ>led to the exterior of the iqyper portion of the e^andable tubular member 755. In 
several alternative embodiments, the sealing members 760a and 760b may include 
elastomeric elements and/or m^alUc elements and/or conqposite elements. In several 
alternative embodiments, one or more anchoring elements may substituted for, or used in 
addition to, tiie sealing membos 760a and 760b. 

15 In a preferred embodiment, tiie si^yport member 705, the expansion cone 715, the 

expansion cone launcher 735, the shoe 740, and the expandable tubular member 755 are 
provided substantially as disclosed in one or more of the following: (1) U.S. patent 
plication serial no. 09/454,139, attorney docket no. 25791.03,02, filed on 12/3/1999, (2) 
U.S. patent application serial no. 09/510,913, attorney docket no. 25791.7.02, filed on 

20 2/23/2000, (3) U.S. patent application serial no. 09/502,350, attorney docket no. 

25791.8.02, filed on 2/10/2000, (4) U.S. patent application serial no. 09/440,338, attorney 
docket no. 25791.9.02, filed on 11/15/1999, (5) U.S. patent ^plication serial no. 
09/523,460, attomey docket no. 25791.1 1.02, filed on 3/10/2000, (6) U.S. patent 
plication serial no. 09/512,895, attomey docket no. 25791.12.02, filed on 2/24/2000, (7) 

25 U.S. patent application serial no. 09/511,941, attomey docket no. 25791.16.02, filed on 
2/24/2000, (8) U.S. patent q>plication serial no. 09/588,946, attomey docket no. 
25791.17.02, filed on 6/7/2000, (9) U.S. patent appUcation serial no. 09/559,122, attomey 
docket no. 25791.23.02, filed on 4^6/2000, (10) PCT patent application serial no. 
PCT/USOO/18635, attorney docket no. 25791.25.02, filed on 7/9/2000, (1 1) U.S. 

30 provisional patent sq[yplication serial no. 60/162,671, attomey docket no. 25791.27, filed on 
1 1/1/1999, (12) U.S. provisional patent plication serial no. 60/154,047, attomey docket 
no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent qyplication serial no. 
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60/159,082, attorney docket no. 2579134, filed on 10/12/1999, (14) U.S. provisional 
patent ^plication serial no. 60/159,039, attorney docket no. 25791 .36, filed on 
10/12/1999, (15) U.S. provisional patent application serial no. 60/159,033, attorney docket 
no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent application serial no. 

5 , attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

provisional patent application s^ial no. 60/165,228, attorney docket no. 25791.39, filed on 

1 1/12/1999, (18) U.S. provisional patent application serial no. , attorney 

docket no. 25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial no. 
, attorney docket no. 25791.46, filed on 7/28/2000, and (20) U-S. 

1 0 provisional patent application serial no. , attorney docket no. 25791 .47, 

filed on 9/18/2000, the disclosures of which are incorporated herein by reference- 
As illustrated m Fig. 7b, in a preferred embodiment, during placement of the 
apparatus 700 within the wellbore 10» fluidic materials 765 wi^ the wellbore 10 are 
conveyed through the ^aratus 700 througb the passages 710, 720 and 745 to a location 

15 above Ae^aratus 700. In this nianner, surge pressures duiiiig placement of the 
^aratus 700 within the wellbore 10 are reduced In a proferred embodiment, the 
qiparatus 700 is initially positioned within the wellbore 10 such &at tibie top portion of the 
tubular member 755 overlaps with flie preexisting casing 15. Li this manner, the upper 
portion of the e^cpandable tubular member 755 may be radially expanded into contact with 

20 and coupled to flie preexisting casing 1 5. As will be recognized by persons having 

ordinary skill in the art, the precise initial position of the e7q>andable tubular member 755 
will vary as a fimction of the amount of radial expansion, the amount of axial shrinkage 
during radial expansion, and the material properties of the expandable tubular member. 
As illustrated in Fig. 7c, a fluidic material 770 may then be injected through the 
25 ^aratus 700 through the passages 710, 720, and 745 in order to test the proper opwation 
of these passages. 

As illustrated in Fig. 7d, a hardenable fluidic sealing material 775 may then be 
injected through the apparatus 700 througji the passages 710, 720 and 745 into ttie annulus 
between tfie q)paiatus and the wellbore 10. In this manner, an annular barrier to fluid 
30 migration into and out of the wellbore 10 may be formed around the radially expanded 
expansion cone launcher 735 and expandable tubular member 755. The hardenable fluidic 
sealing material may include, for example, a cement mixture. In several alternative 
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embodiments, the injectioii of the hardenable fluidic sealing material 775 may be omitted. 
In several alt^native embodiments, the hardenable fluidic sealing material 775 is 
compressible, before, during and/or after, the curing process. 

As illustrated in Fig. 7e, a non-hardenable fluidic matmal 780 may then be 
5 injected into the apparatus through the passages 710 and 720. A ball plug 785, or other 
similar device, may then be injected with the fluidic ntiaterial 780 to thereby seal off the 
passage 745. In this manner, the region 750 may be pressurized by the continued injection 
of the fluidic material 780 into the ^paratus 700. 

As illustrated in Figs. 7f and 7g, the continued injection of the fluidic material 780 

10 into the apparatus 700 causes the e^ansion cone laundier 735 and expandable tubular 
member 755 to be plastically deformed and radially expanded off of the expansion cone 
715. The resulting structure includes a lip 790. 

After completing tiie plastic deformation and radial expansion of the tubular 
member 755, the hardenable fluidic sealing material is allowed to cure to thoeby form an 

1 5 annular body 795 ttiat provides a barrier to fluid flow into or out of the wellbore 10. 

Referring to Fig. 7h, the shoe 740may then removed by drilling out the shoe using 
a convrational drilling device. A new section of the wellbore 10 may also be drilled out in 
Older to permit additional expandable tubular members to be coiq>led to the bottom portion 
of the plastically deformed and radially expanded tubular member 755. 

20 Referring to Fig. 7i, an additional tubular member 800 may then be plastically 

deformed and radially expanded in a convmtional manner and/or by using one or more of 
the methods and apparatus described above in order to form a mono-diameter wellbore 
casing. Before, during or aft^ the radial expansion of the tubular memb^ 800, an aimular 
body 805 of a fluidic sealing material may be formed around the tubular member in a 

25 conventional manner and/or by using one or more of the methods and ^paratus described 
above. In a prefenred embodiment, the lip 790 facilitates the coupling of the tubular 
member 800 to the tubular member 755 by providing a region on which die tubular 
member 800 may be easily coupled onto. 

Referring to Fig. 8a, m an alternative embodunent, a wellbore 10 includes a 

30 preexisting section ofwellborecasnig 15 and 900. The wellbore casing 900 includes 
sealingmembers 905a and 905b and a recess 910. An annular body 915 of a fluidic 
sealing materidinay also be provided around die casmg 900. The casing 900 and annular 
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bo<fy 915 may be provided iising any number of convmtioDal methods, the m^ods 
desmbed above, and/or using one or more of the mediods disclosed in the following: (1) 
U.S. patent application serial no. 09/454,139, attorney docket no. 25791.03.02, filed on 
12/3/1999, (2) U.S. patent J5)plication serial no. 09/510,913, attorney docket no. 
5 25791 .7.02, filed on 2/23/2000, (3) U.S. patent ^plication serial no. 09/502,350, attorney 
docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patrait plication serial no. 
09/440,338, attorney docket no. 25791.9.02, filed on 1 1/15/1999, (5) U.S. patent 
^plication serial no. 09/523,460, attomey dock^ no. 25791. 11. 02, filed on 3/10/2000, (6) 
U.S. patoit {plication serial no. 09/512,895, attomey docket no. 25791.12.02, filed on 

10 2/24/2000, (7) U.S. patent q^plication sorial no. 09/511,941, attomey dock^ no. 

25791 .16.02. filed on 2/24/2000, (8) U.S. patent plication serial no. 09/588,946, attomey 
docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. patent plication serial no. 
09/559,122, attomey docket no. 25791.23.02, filed on 4/26/2000, (10) PCX patent 
application serial no. PCT/USOO/1 8635, attorney dodcet no. 2579125.02, filed on 

15 7/9/2000, (11) U.S. provisional patent i^lication serial no. 60/162,671, attorney docket 
no. 25791.27, filed on 1 1/1/1999, (12) U.S. provisional patent qjplication serial no. 
60/154,047, attomey docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent 
q>plication sraial no. 60/159,082, attomey docket no. 25791.34, filed on 10/12/1999, (14) 
U.S. provisional patent ^plication serial no. 60/159,039, attomey docket no. 25791.36, 

20 filed on 10/12/1999, (15) U.S. provisional patent application serial no. 60/159,033, 

attomey docket no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent q)plication 

serial no. , attomey docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

provisional patent application serial no. 60/165,228, attomey dod^ no. 25791 J9, filed on 
11/12/1999, (18) U.S. provisional patent ^plication soial no. , attomey 

25 docket no. 25791.45, filed on 7/28/2000, (19) U.S. provisional patent iq>plicati«i serial no. 

, attomey docket no. 25791.46. filed on 7/28/2000, and (20) U.S. 

provisional patent iqiplication serial no. , attomey docket no. 25791.47, 

filed on 9/1 8/2000, fbs disclosures of which are incorporated herein by refoence. 

Refening to Fig. 8b, an appaatas 1000 fin: radially expanding a tubular member is 

30 fliea positioned within the wdlbore 10 tiliat includes a tubular support monber 1005 Hast 
defines a passage 1010 for conveymg fluidic materials. A hydraulic loddng device 1015 
that defines a passage 1020 for conveying fluidic matoials that is fluididy coi^led to die 
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passage 1010. The lockiiig device lOlS furtfa^ includes inlet passages, 1020a and 1020b» 
actuating chambers, 102Sa and 1025b, and locking members, 1030a and 1030b. During 
operation, the injection of fluidic materials into the actuating chambers, 102Sa and 1025b, 
causes the locking members, 1030a and 1030b, to be displaced outwardly in the radial 
5 direction. In this mamier, the locking device 1015 may be controUably coupled to a 
tubular member to thereby maintain the tubular member in a substantially stationary 
position. As will be recognized by persons having ordinary skill in the art, the operating 
pressures and physical shape of the inlet passages 1020, actuating chambers 1025, and 
locking members 1030 will determine the maximum amount of holding force provided by 

10 the locking device 1015. In several alternative embodiments, fluidic materials may be 
injected into the locking device 1015 using a dedicated fluid passage in order to provide 
precise control of the locking device. In several alternative embodiments, tibe locking 
device 1015 may be omitted and the tubular support member 1005 coupled directly to tiie 
tubular support membar 1035. 

1 5 One ead of a tubular siq>port member 1035 that defines a passage 1 040 is coupled 

to the locking device 1015. The passage 1040 is fluidicly coupled to the passage 1020. 
An expansion cone 1045 that defines a passage 1050 and includes an outer conical surfiu:e 
1055 is coupled to another end of the tubular support member 1035. An expansion cone 
launcher 1060 is movably coupled to and supported by the expansion cone 1045. The 

20 e^ansion cone launcher 1060 includes an upper portion 1060a having an i^per outside 
diameter, an intermediate portion 1060b that mates with the expansion cone 1045, and a 
lower portion 1060c having a lower outside diameter. The lower outside diameter is 
greater than the upper outside diameter. 

A shoe 1065 that defines a valveable passage 1070 is coupled to the lower portion 

25 1060c of the expansion cone launcher 1060. hi this manner, a region 1075 below the 

expansion cone 1045 and bounded by ttie e3q)ansion cone launcher 1060 and the shoe 1065 
may be pressurized and fluidicly isolated fixmi the annular region between the apparatus 
1000 and the wellboie 10. 

An e)q>andable tubular member 1080 is coupled to the upper portion of the 

30 expansion cone launch^ 1060. hi several attemative embodiments, one or more sealing 
members are coiq[>led to the exterior of the vpp&c portion of the expandable tubular 
member 1080. In several alternative embodiments, the sealing members may include 
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elastomeric elements and/or metallic elements and/or composite elements. In several 
alternative embodiments, one or more anchoring elements may substituted for, or used in 
addition to, the sealing members. 

An expansion cone 1085 defining a passage 1090 for receiving the tubular support 
5 member 1005 includes an outer conical surface 1095. A tubular support member 1 100 
defining a passage 1 105 for receiving the tubular siq)port member 1005 is coupled to the 
bottom of the expansion cone 1085 for supporting and actuating the expansion cone. 

M a preferred embodiment, tiie support members 1005 and 1035, the expansion 
cone 1 045, the expansion cone launcbor 1060, the shoe 1065, and the expandable tabular 

10 member 1080 are provided substantially as disclosed in one or more of the followiug: (1) 
U.S. patent i^licaticm soial no. 09/454,139, sttomey docket no. 25791.03.02, filed on 
12/3/1999, (2) U.S. patent appUcation serial no. 09/510,913, attorney docket no. 
25791.7.02, filed on 2/23/2000, (3) U.S. patent qipHcation serial no. 09/502,350, attorney 
docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent q>plication serial no. 

15 09/440,338, attomey docket no. 25791.9.02, filed on 1 1/15/1999, (5) U.S. patoit 

q)plication serial no. 09/523,460, attran^ docket no. 25791.11.02, filed on 3/10^000, (6) 
U.S. patent application serial no. 09/512,895, attomey docket no. 25791.12.02, filed on 
2/24/2000, (7) U.S. patent ^Hcation serial no. 09/51 1,941, attomey docket no. 
25791.16.02, filed on 2/24/2000, (8) U.S. patent apphcation serial no. 09/588,946, attomey 

20 docket no. 25791.17.02, filed on 6/7^000, (9) U.S. patent plication serial no. 
09/559,122, attomey docket no. 25791.23.02, filed on 4/26/2000, (10) PCT patent 
£5)plication serial no. PCT/USOO/18635, attomqr docket no. 25791.25.02, filed on 
7/9/2000, (11) U.S. provisional patent plication serial no. 60/162,671, attomey dockrt 
no. 25791.27, filed on 1 1/1/1999, (12) U.S. provisional patent plication serial no. 

25 60/154,047, attomey docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent 
application serial no. 60/159,082, attorney docket no. 25791.34, filed on 10/12/1999, (14) 
U.S. provisional patent plication soial no. 60/159,039, attorney docket no. 25791 J6, 
filed <m 10/12/1999, (15) U.S. provisional patent application serial no. 60/159,033, 
attorney docket no. 25791.37. filed on 10/12/1999, (16) U.S. provisional patent appHcation 

30 serial no. , attomey docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

provisional patent plication serial no. 60/165,228, attomey dock^ no. 25791.39, filed on 
1 1/12/1999, (18) U.S. ittovisional patent tqrplication serial no. , attomey 
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docket no. 2579L4S, filed on 7/28/2000, (19) U.S. provisional patent ^plication serial no. 

, attorney docket no. 25791.46, filed on 7/28/2000, and (20) U.S. 

provisional patent application serial no. , attorney docket no. 25791 .47, 

filed on 9/1 8/2000, the disclosures of which are incorporated herein by reference. 
5 As illustrated in Fig. 8b, in a preferred embodiment, during placement of the 

apparatus 1000 within the wellbore 10, fluidic materials 1110 within the wellbore 10 are 
conveyed through the apparatus 1000 through the passages 1010, 1020, 1040 and 1070 to a 
location above the apparatus 1000. In this manner, surge pressures during placement of 
the q>paratus 1000 within the wellbore 10 are reduced. In a preferred embodiment, the 

10 apparatus 1000 is initially positioned within the weUbore 10 such fliat the top portion of 
the tubular moiber 1080 overlaps with the recess 910 of die preexistmg casing 900. In 
this manner, the upper portion of the expandable tubular member 1080 may be radially 
expanded into contact with and coupled to die recess 910 of the preexisting casing 900. 
As illustrated in Fig. 8c, a fluidic material 1115 may then be inj ected throu^ the 

15 £^paratus 1000 througli the passages 1010, 1020, 1040, and 1070 in order to test the 
proper operation of &ese passages. 

As illustrated in Fig. 8d, a hardenable fluidic sealing material 1 120 may then be 
injected through the apparatus 1000 through the passages 1010, 1020, 1040, and 1070 into 
the annulus between the apparatus and the wellbore 10. In this manner, an annular barrier 

20 to fluid migration into and out of the wellbore 10 may be formed around the radially 
expanded expansion cone launcher 1060 and expandable tubular member 1080. The 
hardenable fluidic sealing material may include, for example, a cement mixture. In several 
alternative embodiments, the injection of the hardenable fluidic sealing material 1 120 may 
be omitted. In several alternative embodiments, the hardenable fluidic sealing material 

25 1 120 is conipressible, before, during and/or after, the curing process. 

As illustrated in Fig. 8e, anon-haideuable fluidic material 1125 may then be 
iqected into the qq)aratus 1000 through the passages 1^^ Aballplug 
1 130, or oflier similar device, may then be mjected with the fluidic material 1 125 to 
thereby seal off the passage 1070. Jn this manner, the region 1075 may be pressurized by 

30 the continued injection of the fluidic material 1 125 into the apparatus 1000. Furthennore, 
in this manner, ttie actuating chambers, 1025a and 1025b, of the locking device 1015 may 
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be pressurized. In this maimer, the tubular membo* 1080 may be held in a substantially 
stadonaiy position by the locking device 1015. 

As illustrated in Fig. 8f, the expansion cone 1085 may then be actuated in the 
downward direction by a direct application of axial force using the support member 1 100 
and/or through the application of fluid force. The axial displacement of the expansion 
cone 1085 may plastically deform and radially expand the upper portion of the expandable 
tubular member 1080. In this manner, the upper portion of the expandable tubular 
member 1080 may be precisely coi5)led to the recess 910 of the preexisting casing 900. 

During the downward actuation of the. expansion cone 1085, the locking m^nber 
1015 preferably prevents axial displacemmt of the tubular m«iber 1080. In a preferred 
embodiment, the locking member 1015 is positioned proximate the upper portion of the 
tubular monber 1080 in order to prevent buckling of the tubular member 1080 during the 
radial e?q>ansion of the upper portion of the tubular mraiber. hi an alternative 
embodiment, flie lockmg member 101 5 is omitted and the interference between the 
intermediate portion 1060b of the expansion cone launcher 1060 and ttie expansion cone 
1045 prevents the axial displacement of the tubular member 1080 during the radial 
expansion of the upper portion of ttie tubular memb^. 

As illustrated in Fig. 8g, the expansion cone 1085 and 1 100 may then be raised out 
ofthe wellbore 10. 

As illustrated in Fig. 8h, the continued injection ofthe fluidic material 1 125 into 
the apparatus 1 000 may then cause the expansion cone launcher 1 060 and the expandable 
tubular member 1080 to be plastically deformed and radially expanded offof the 
expansion cone 1045. In this maimer, the expansion cone 1045 is displaced relative to the 
expansion cone launcher 1060 and expandable tubular member 1080 in the axial directioiL 
In apreferred embodiment, the axial forces created during Hie radial expansion process are 
greater than the axial forces generated by the loddng device 1015. As will be recognized 
by persons having ordinary skill in the art, the precise relationship between these axial 
forces will vary as a function of the operating characteristics ofthe locking device 1015 
and the metallurgical properties ofthe expansion cone launcher 1060 and expandable 
tubular 1080. Jn an attemative embodiment, the operating pressures ofthe actuating 
chamb^ 1025a and 102Sb, and die region 1075 are separately controllable by providing 
separate and dedicated fluid passages for pressurizuig each. 
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As illustrated in Fig. 8i, after completing the plastic defoimation and radial 
expansion of the tubularmember 1080, the hardenable fluidic sealing material is allowed 
to cure to thereby form an annular body 1 130 that provides a barrier to fluid flow into or 
out of the wellbore 10. The shoe 1065 may then removed by drilling out the shoe using a 
5 conventional drilling device. A new section of the wellbore 10 may also be drilled out in 
order to permit additional expandable tubular members to be coupled to the bottom portion 
of the plastically deformed and radially expanded tubular member 1080. 

Id an alternative ^bodiment, the annular body 1 130 may be omitted. In several 
alternative embodiments, the annular body 1 130 may be radially coiiq)ressed before, 
10 during and/or after curing. 

Referring to Fig. 8j, the tubular memb^ 1080 m^ be radially expanded again 
using one or more of the me&ods described above to provide an mono-diameter wellbore 
casing. 

Referring to Fig. 9a, a wellbore 1200 includes an iqiper preexisting casing 1205 
15 and a lower preexisting casing 1210. The casings, 1205 and 1210, may further include 

outer annular layers of fluidic sealing matmals such as, for example, cement. The ends of 

the casings, 1205 and 1210, are separated by a gsp 1215. 

Referring to Fig. 9b, a tubular member 1220 may then be coupled to the opposing 

ends of the casings, 1205 and 1210, to thereby bridge the gap 1215. In a preferred 
20 embodiment, the tubular member 1220 is coupled to the opposing ends of die casings, 

1205 and 1210, by plastically deforming and radially expanding the tubular member 1220 

using one or more of the methods and apparatus described and referenced above. 

Referring to Fig. 9c, a radial expansion device 1225 may then be positioned within 

the tubular member 1220. In a preferred embodiment, the Imgtfa of the radial expansion 
25 device 1225 is greafa^ flian or equal to the axial l«g£h of the tubular member 1220. In 

several alternative ^bodiments, the radial expansion device 1225 may be any number of 

conventional radial expansion devices such as, for example, expansion cones actuated by 

hydraulic and/or direct axial force^ roller expansion devices, and/or e3q)andable hydraulic 

bladders. 

30 Refming to Figs. 9d and 9e, after actuation and subsequent de-actuation and 

removal of the radial e>q>ansion device 1225, the inside diamet«s of tiiie casings, 1205 and 
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1210, are substantially equal to the inside diameter of the tubular metnb^ 1220. Id this 
manner, a mono-diameter wellbore casing may be formed. 

Referring to Fig. 10, a wellbore 1300 includes an outer tubular member 1305 and 
an inner tubular member 1310. Inapreferred embodiment, the tubular members, 1305 and 
5 13 1 0, are plastically deformed and radially expanded using one or more of the methods 
and ^paratus described and referenced above. In this manner, a wellbore casmg may be 
provided whose burst and coU^se strength may be precisely controlled by varying the 
number, thickness, and/or material properties of the tubular members, 1305 and 1310. 
Referring to Fig. 1 la, a wellbore 1400 includes a casing 1405 that is coupled to a 

10 preexisting casing 1410. In a preferred embodiment, one or more sealing membm 1415 
are coiq)led to the exterior of the iqpper portion of the tubular member 1405 in order to 
optimally seal the int^r&ce betwera the tubular member 1405 and the preexistmg casing 
1410. In a preferred embodiment, the tubular member 1405 is plastically deformed and 
radially ^anded using conventional mefliods and/or one or more of the methods and 

15 £^aratus described and referenced above. In an exenq)lary embodiment, the outside 

diameter of the tubular member 1405 prior to the radial expansion process is ODq, the wall 
thickness of the tubular member 1405 prior to the radial expansion process is to, the 
outside diameter of the tubular memb^ following the radial expansion process is ODj, and 
the wall diickness of the tubular member following the radial expansion process is tj. 

20 Referring to Fig. 1 lb, a tubular member 1420 may then be coupled to the lower 

portion of the tubular member 1405 by plastically deforming and radially expanding the 
tubular member 1420 using convmtional methods and/or one or more of the methods and 
apparatus described and referenced above. In a preferred embodiment, the exterior surface 
of the upper portion of the tubular member 1420 includes one or more sealing members for 

25 sealing the interface between the tubular member 1420 and the tubular member 1405. 

Referring to Fig. 1 Ic, lower portion of the tubular member 1405 and Ihe tubular 
member 1420 may be radially expanded again to provide a mono-diameter wellbore 
casing. The additional radial expansion m^ be provided using conventional methods 
and/or one or more of the methods and apparatus described and referenced above. In an 

30 exemplary embodiment, the outside diameter and wall tiiickness of the lower portion of 
the tubular member 1405 after the additional radial expansion process are ODj and^. 
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The radial expansion process of Figs. 1 lb-1 Ic can then be repeated to provide a 
mono-diametCT wellbore casing of virtually unlimited length. 

In several alternative embodiments, the ordering of the radial expansions of the 
tubular members, 1405 and 1420, may be changed. For example, the first tubular member 
1405 may be plastically deformed and radially expanded to provide a lower portion having 
the outside diameter ODj and the remaining portion having the outside diameter 0D|. The 
tubular member 1420 may then be plastically deformed and radially expanded one or more 
times until the inside diameters of the tubular members, 1405 and 1420» are substantially 
equal. The plastic deformations and radial expansions of the tubular members, 1405 and 
1420, may be provided using conventional methods and/or one or more of tiie methods and 
apparatus described and referenced above. 

In an exenq>laiy embodiment, the total expansion strain E of tiie tubular member 
1405 may be expressed by the following equation: 

E^[OD^-OD,)lOD, (1) 

where ODq = ori^nal outside diameter 

OD, = outside diameta: after 1^ radial expansion; and 
OD2 = outside diameter after 2™* radial expansion. 
Furthermore, in an exemplary embodiment, where: (1) the exterior surface of the 
i5)per portion of the tubular member 1420 includes sealing members, and (2) the radial 
spacing between the tubular member 1405 and the wellbore 1400 prior to the first radial 
expansion is equal to d, the outside diameters, OD, and OD2, of the tubular member 1405 
following the first and second radial expansions may be expressed as: 

QDj = QDo + 2^+2/j (2) 
OZ)2 = QD, + 2i?+2f2 (3) 

where OD(^ - theoriginaloutsidediameterof the tubular member 1405; 

OD] - the outside diameter of the tubular mCTiber 1405 

foUowmg the first radial expansion; 
OD2 = the outside diameter of the tubular member 1405 

following the second radial e}q)ansion; 
d = flie radial spacmg between tiie tubular member 1405 

and die wellbore prior to the first radial expansion; 
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= the wall thickness of the tubular member 140S after 
the first radial expansion; 
tj = the wall thickness of the tubular member 1405 after 
the second radial expansion; and 
5 R = thethickness of sealing member provided on the 

ext^or sur&ce of the tubular member 1420* 
Furthermore, in an exemplary embodiment, for d approximately equal to 0J25 
inches and R approximately equal to 0.1 indies, equation (1) can be approximated as: 

E = (oT+3.7t^)/ODo (4) 

10 where 1^ = the original wall thickness ofthe tubular member 

1405. 

In an exemplary embodiment, the total expansion strain of the tubular member 
1 405 should be less than or equal to 0.3 in order to maximize the burst and collapse 
strength ofthe expandable tubular membw. Therefore, fix>m equation (4) the ratio ofthe 
1 5 original outside diameter to the original wall ttdckness (ODf/t^ may be expressed as: 

ODo/^o ^ 3.8/(03- 0.7/OZ)o) (5) 

Thus, in a preferred embodiment, for ODq less than 10 inches, the optimal ratio of 
the original outside diameter to the original wall thickness (ODo/y may be expressed as: 

0D,/t,>l6 (6) 

20 Li this manner, for typical tubular mmibers, the burst and collapse strength ofthe 

tubul ar members following one or more radial expansions are maTrimized when the 
relationsliQ) in equation (6) is satisfied. Ftnthermore, the relationshqps eiqMressed in 
equations (1) througji (6) are valid regardless of the order or type ofthe radial expansions 
of the tubular mraiber 1405. More generally, the relationships expressed in equations (1) 

25 tfarougih (6) may be sailed to flie radial expansion of structures having a wide range of 
profiles such as, for example, triangular, rectangular, and oval. 

An apparatus for plastically deforming and radially expanding a tubular member 
has been described that includes means for plastically deforming and radially expanding a 
first portion ofthe tubular member to a first outside diameter, and means for plastically 

30 deforming and radially expanding a second portion of the tubular member to a second 
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outside diameter. Jn a preferred embodiment, the first outside diameter is greater than the 
second outside diamet^. In a preferred embodimmt, ttie means for plastically deforming 
and radially expanding the first portion of the tubular member to the first outside diameter 
is removable. In a preferred embodiment, the means for plastically deforming and radially 
5 expanding the first portion of the tubular member to the first outside diameter is firangible. 
In a preferred embodiment, the means for plastically deforming and radially expanding the 
first portion of the tubular member to the first outside diameter is elastic. In a preferred 
embodiment, the means for plastically deforming and radially expanding the first portion 
of the tubular member to the first outside diameter includes means for flying a radial 

10 force to the first portion of die tubular m^ber. In a preferred embodiment, die means for 
plastically deforming and radially expanding the first portion of the tubular m 
first outside diameter is inflatable. In a preferred embodiment, the means for plastically 
deforming and radially expanding the first portion of the tubular member to the first 
outside diameter includes rolling means for ^plying radial pressure to the first portion of 

IS the tubular member. 

An apparatus for plastically deforming and radially expanding a tubular msnber 
has also been described that includes a tubular support member including a first fluid 
passage, an expansion cone coiq>led to the tubular support member having a second fluid 
passage fluidicly coupled to the first fluid passage and an outer conical surface, a 

20 removable annxilar conical sleeve coupled to the outer conical surface of the expansion 
cone, an annular expansion cone launcher coupled to the conical sleeve and a lower 
portion of the tubular member, and a shoe having a valveable passage coupled to an end of 
the expansion cone launcher. In a preferred embodiment, ihe conical sleeve is fiangible* 
In a preferred embodiment, the conical sleeve is elastic* M a preferred embodiment, the 

25 conical sleeve include a plurality of arcuate elements. 

A mefliod of plastically deforming and radially expanding a tubular member has 
also heea desoibed that includes plastically deforming and radially expanding a portion of 
the tubular member to a first outside diameter, and plastically deforming and radially 
expanding anottier portion of tiie tabular member to a second outside diameter. In a 

30 preferred embodiment, tiie first diameter is greater than the second diameter. Ina 
prefened embodiment, plastically deforming and radially expanding the portion of the 
tubular member includes qqplying a radial force to the portion of the tubular member using 
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a conical sleeve. M a prefeiied embodiment, conical sleeve is frangible. In a preferred 
embodiment, ttie conical sleeve is elastic. In a preferred embodiment, the conical sleeve 
includes a plurality of arcuate elements. In a preferred embodiment, plastically deforming 
and radially expanding the portion of the tubular membo: includes applying a radial force 
to the portion of the tubular member using an inflatable bladder. In a preferred 
embodiment, plastically deforming and radially expandiug the portion of the tubular 
member includes applying a radial force to the portion of the tubular member using a roller 
expansion device. 

A method of coupling a first tubular member to a second tubiilar monber has also 
been described that includes plastically deforming and radially expanding a first portion of 
the first tubular member to a first outside diameter, plastically deforming and radially 
expanding anotfa^ portion of the first tubular member to a second outside diameter, 
positioning the second tubular member inside the first tubular member in overlapping 
relation to the first portion of the first tubular member, plastically deforming and radially 
expanding tfie second tubular member to a third outside diameter, and plastically 
deforming and radially eaqianding the second tubular member to a fourth outside diameter. 
The inside diameters of the first and second tubular membm after the plastic defi>rmations 
and radial expansions are substantially equal. Li a preferred embodiment, the first outside 
diameter is greater than the second outside diameter. In a preferred embodiment, 
plastically deforming and radially expanding the first portion of the first tubular member 
includes applying a radial force to the portion of the tubular member using a conical 
sleeve. In a preferred embodiment, the conical sleeve is fiangible. In a preferred 
embodiment, flie conical sleeve is elastic. In a preferred embodiment, the conical sleeve 
includes a plurality of arcuate elements, hi a preferred embodiment, plastically deforming 
and radially expanding the first portion of the first tubular member includes flying a 
radial force to die first pordon of the first tubular member using an inflatable bladder. Jn a 
preferred embodiment, plasticaify deforming and radially expanding the first portion of die 
first tubular meinber inchides qyplying a radial force to the first portion of the first tubular 
member using a roller expansion device. 

An ^paratus for coirpUng a first tubular rnmber to a second tubular member has 
also been described that includes means for plastically deforming and radially expanding a 
first portion of die first tubular member to a first outside diameter, means fi>r plastically 
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defonning and radially expanding another portion of the first tubular member to a second 
outside diameter, means for positioning the second tubular memb^ inside the first tubular 
member in overlq)ping relation to the first portion of the first tubular member, means for 
plastically defonning and radially e^qpanding the second tubular member to a third outside 
S diameter, and means for plastically defonning and radially expanding the second tubular 
member to a fourth outside diameter. The inside diameters of the first and second tubular 
members after the plastic defonnations and radial expansions are substantially equal* In a 
prefenred embodiment, the first outside diameter is greater than the second outside 
diameter. In a preferred embodiment, the means for plastically deforming and radially 

10 expanding the first portion of die first tubular member includes means for applying a radial 
force to the portion of the tubular member using a conical sleeve. In a preferred 
embodiment, the conical sleeve is frangible. In a preferred embodiment, the conical sleeve 
is elastic. In a prefored embodiment, the conical sleeve includes a plurality of arcuate 
elements. In a preferred embodiment, the means for plastically deforming and radially 

1 S e3q>anding the first portion of die first tubular member includes means for applying a radial 
force to the first portion of the first tubular member using an inflatable bladder. In a 
preferred embodiment, the means for plastically deforming and radially expanding the first 
portion of the first tubular member includes means for applying a radial force to the first 
portion of the first tubular m^ber using a roller expansion device. 

20 An q)paratus for forming a wellbore casing within a wellbore has also been 

described that includes means for siq)porting a tubular member within the wellbore, means 
for plastically defonning and radially expanding a first portion of the tubular member to a 
first outside diameter, and means for plastically deforming and radially expanding a 
second portion of the tubular member to a second outside diameter. In a preferred 

25 embodiment, file first outside diameter is greater than the second outside diameter. Ina 
preferred embodiment, the means for plastically deforming and radially expanding the first 
portion ofthe tubular member to ttie first outside diam^er is removable. In a preferred 
embodiment, the means for plastically deforming and radially expanding the first portion 
of the tubular member to the first outside diameter is firangible. In a prefened 

30 embodiment, the means for plastically deforming and radially expanding the first portion 
of the tubular member to thQ first outside diameter is elastic. In a preferred embodiment, 
the means for plastically defonning and radially expanding the first portion of the tubular 
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member to the first outside diameter includes means for ^plying a radial force to the first 
portion of the tubular member. In a preferred embodiment, the means for plastically 
deforming and radially expanding the first portion of ttie tubular member to the first 
outside diameter is inflatable. In a preferred embodiment, the means for plastically 
5 deforming and radially expanding the first portion of the tubular member to the first 
outside diameter includes rolling means for applybxg radial pressure to the first portion of 
the tubular member. In a preferred embodiment, the apparatus fiurther includes means for 
fomiing an annular body of a fluidic sealing material within an annulus between the 
tubular member and the wellbore. 

10 An qiparatus for forming a wellbore casing within a wellbore has also been 

described that includes a tubular siq>port member mcluding a first fluid passage, an 
expansion cone coiq>led to the tubular support member having a second fluid passage 
fluidicly coupled to the first fluid passage and an outer conical surface, a removable 
annular conical sleeve coupled to the outer conical sur&ce of the expansion cone, an 

1 S annular expansion cone launcher coupled to the conical sleeve and a lower portion of the 
tubular member, and a shoe having a valveable passage coupled to an end of the expansion 
cone launcher, hi a prefeired embodiment, the conical sleeve is firangible. In a preferred 
embodiment, the conical sleeve is elastic. In a preferred embodimmt, the conical sleeve 
includes a plurality of arcuate elements. 

20 A m^od of forming a wellbore casing within a wellbore has also been described 

that includes supporting a tubular member within a wellbore, plastically deforming and 
radially expanding a portion of the tubular member to a first outside diameter, and 
plastically deforming and radially expanding another portion of the tubular member to a 
second outside diameter. Jn a preferred embodimmt, ^e first diameter is greater than die 

25 second diameter, b a preferred embodim^ plastically defoiming and radially e3q)anding 
the portion of the tubular member includes inlying a radial force to ttie portion of the 
tubular member using a conical sleeve. In a preferred embodiment, tiie conical sleeve is 
frangible, hi a prefeiredembodimmt, the conical sleeve is elastic. In a preferred 
embodiment, the conical sleeve includes a plurality of arcuate elemmts. in a preferred 

30 embodiment, plastically deforming and radially expanding the portion of ttie tubular 
member includes applying a radial force to the portion of the tubular member using an 
inflatable bladder. In a preferred embodiment, plasticaUydefonning and radially 
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expanding the portion of ttie tubular member includes applying a radial force to the portion 
of the tubular member using a roller expansion device, hi a preferred embodiment, the 
method further includes injecting an annular body of a hardenable fluidic sealing material 
into an annulus between the tubular member and the wellbore. hi a preferred embodiment, 
the method further includes curing the annular body of hardenable fluidic sealing material. 

A method of forming a mono-diameter wellbore casing within a wellbore has also 
been described that includes supportmg a first tubular member within the wellbore, 
plastically deforming and radially expanding a first portion of the Gist tubular member to a 
first outside diamet^, plastically deforming and radially expanding another portion of the 
first tubular member to a second outside diameter, positioning the second tubular member 
inside the first tubular member in overlying relation to the first portion of the first 
tubular member, plastically deforming and radially expanding the second tubular member 
to a third outside diameter, and plastically deforming and radially expanding the second 
tubular member to a fourth outside diameter. The inside diametm of the first and second 
tubular members after the plastic deformations and radial expansions are substantially 
equal. In a preferred embodiment, the first outside diameter is greater than the second 
outside diameter, hi a preferred embodiment, plastically deforming and radially expanding 
the first portion of the first tubular member includes applying a radial force to the portion 
of the tubular member using a conical sleeve, hi a preferred embodiment, the conical 
sleeve is fiangible. hi a preferred embodiment, the conical sleeve is elastic. InaprefOTed 
embodiment, flie conical sleeve includes a pluraUty of arcuate elements, hi a preferred 
embodiment, plastically deforming and radially expanding the first portion of the first 
tubular member includes flying a radial force to the first portion of the first tubular 
member usmg an mflatable bladder. In a preferred embodimrat, plastically deforming and 
radially expanding the first portion of the first tubular member mcludes flying a ladial 
force to the first portion ofthe first tubular meniber using a roUerexpatisiondei^ Ina 
prefened embodiment, tib.e mettiod further includes injecting an annular body of a 
hardenable fluidic sealmg material into an annulus betweoi the first tubular member and 
the wellbore. In a prefened embodiment, the method further includes curing the annular 
body ofhardenable fluidic sealmg material In a preferred embodimmt, the method 
further includes injecting an annular body of a hardenable fluidic sealing material into an 
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annulus between the second tubular member and the wellbore. In a prefenred embodiment, 
the method fiirtfae]: inchides curing the annular body of hardenable fluidic sealing material. 

An apparatus for coxipling a fibrst tubular member to a second tubular member has 
also been described that includes means for plastically deforming and radially expanding a 
first portion of the first tubular member to a first outside diameter, means for plastically 
deforming and radially expanding another portion of the first tubular member to a second 
outside diameter, means for positioning the second tubular member inside the first tubular 
member in overlapping relation to the first portion of the first tubular member, means for 
plastically deforming and radially expanding the second tubular member to a flurd outside 
diameter, and means for plastically deforming and radially e^qpanding the second tubular 
member to a fburfli outside diameter. The inside diameters of the first and second tubular 
members after ttie plastic deformations and radial expansions are substantially equal. la a 
preferred ^bodiment, the first outside diameter is greater than the second outside 
diamet^. Jn a preferred embodimmt, the means for plastically deforming and radially 
expanding the first portion of the first tubular member includes means for applying a radial 
force to the portion of the tubular m^ber using a conical sleeve. Id a pref^ed 
embodiment, Ae conical sleeve is fiangible. In a preferred embodiment, the conical sleeve 
is elastic, hi a preferred embodiment, the conical sleeve includes a plurality of arcuate 
elements, hi a preferred embodiment, the means for plastically deforming and radially 
expanding the first portion of the first tubular member includes means for q>plying a radial 
force to the first portion of the first tubular member using an inflatable bladder. In a 
preferred embodiment, the means for plastically deforming and radially expanding the first 
portion of the first tubular member includes means for applying a radial force to the first 
portion of the first tubular member using a roller mansion device. In a preferred 
embodimmt, the apparatus finiher includes means for injecting an annular body of a 
hardenable fluidic sealing material into an annulus between the first tubular member and 
the wellbore. Ja a preferred embodimffl^t, tiie qiparatus fiirtfaer includes means for curing 
the annular body of hardenable fluidic sealing material. In a preferred embodiment, the 
q^aratus finlfaer includes means for injecting an amiular body of a hardenable fluidic 
sealing inat^al into an annulus betwera the secoiid tubular member and flie we In 
a preferred embodiment, the apparatus fiirther includes means for curing the annular body 
of hardenable fluidic sealing material. 
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An q;)paratus for plastically defoiming and radially expanding a tubular member 
has also been described that includes means for providing a lipped portion in a portion of 
the tubular member, and means for plastically defoiming and radially expanding another 
portion of the tubular member. 
S An apparatus for plastically defoiming and radially expanding a tubular member 

has also been described that includes a tubular support member including a first fluid 
passage, an expansion cone coupled to the tubular support member having a second fluid 
passage fluidicly coiq)led to the first fluid passage and an outer conical sur&ce, an annular 
expansion cone launcher including: a first annular portion coupled to a lower portion of 

10 the tubular member, a second annular portion coiq>led to the first annular portion that 

mates with the outer conical sur&ce of the expansion cone, a third annular portion coiq)led 
to the second annular portion having a first outside diameter, and a fourth annular portion 
coupled to the third annular portion having a second outside diameter, wherein the second 
outside diameter is less than tiie first outside diameter, and a shoe having a valveable 

1 5 passage coupled to fi>urth annular portion of the expansion cone launcher. 

A method of plastically defoiming and radiaUy expanding a tubular member has 
also been described tiiat includes providing a lipped portion in a portion of tbe tubular 
member, and plastically deforming and radially expanding another portion of the tubular 
member. 

20 A method of coupling a first tubular member to a second tubular member has also 

been described tiiat includes providing a hpped portion in a portion of the first tubular 
member, plastically deforming and radially expanding another portion of the first tubular 
member, positioning the second tubular member inside the first tubular member in 
overlq)pmg relation to the lipped portion of the first tubular member, and plastically 

25 defonning and radiaUy expanding the second tubular mCTiber. The inside diameters of the 
first and second tubular members after the plastic deformations and radial expansions are 
substantially equal. 

An q^paratus for coupling a first tubular member to a second tubular member has 
also been described that includes means for providing a lipped portion in the first tubular 
30 member, means for plastically deforming and radially expanding another portion of fho 
first tubular member^ means for positioning tiie second tubular member inside tiie fiist 
tubular member in overlapping relation to the lipped portion of the fibrst tubular member. 
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and means for plastically deforming and radially expanding the second tubular member. 
The inside diameters of the first and second tubular members after the plastic defomiadons 
and radial expansions are substantially equal. 

An apparatus for formiag a wellbore casing within a wellbore has also been 
5 described that includes means for supporting a tubular member within the wellbore, means 
for providing a lipped portion in the tubular member, and means for plastically deforming 
and radially expanding another portion of the tubular member to a second outside 
diameter. 

An ^paratus for fomiing a wellbore casing within a wellbore has also heeai 

1 0 desoibed that includes a tubular support member including a first fluid passage^ an 
e3q>ansion cone coiq>led to ttie tubular support member having a second fluid passage 
fluidicly coiq>led to the first fluid passage and an outer conical sur&ce, an annular 
expansion cone launcher including: a first annular portion coupled to a lower portion of 
die tubular member, a second annular portion coiq}led to the first annular portion that 

15 mates with the outer conical sur&ce of the expansion cone, a third annular portion coi^led 
to the second annular portion having a first outside diameter, and a fourth annular portion 
cotqsled to the third annular portion having a second outside diameter, wherein the second 
outside diameter is less than tiie first outside diameter, and a shoe having a valveable 
passage coupled to fourth annular portion of the expansion cone laimcher. 

20 A method of forming a wellbore casing in a wellbore has also been described that 

includes supporting a tubular m^ber within the wellbore, providing a lipped portion in a 
portion of the tubular member, and plastically deforming and radially expanding another 
portion of the tubular member. In a preferred embodiment, the method fiffther includes 
injecting a hardenable fluidic sealing material in an annulus between the tubular member 

25 and the wellbore. In a preferred embcdiment, the method fiurther includes curing the 
fluidic sealing material. 

A method of forming a mono-diameter wellbore casing within a wellbore has also 
been described that includes si^yporting a first tubular mmiber witiiin tihe wellbore, 
providing a lipped portion in a portion of the first tubular member, plastically defonning 

30 and radially e3q>anding anoth^ portion of the first tubular member, positioning the second 
tubular member inside the first tubular mCTber in overlqiping relation to the lipped 
portion of the first tubular member, and plastically deforming and radially expanding the 
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second tabular member. The inside diameters of the first and second tubular members 
after the plastic deformations and radial expansions are substantially equal. Jn a preferred 
embodiment, the method further includes injecting a hardenable fluidic sealing material in 
an annulus between the first tubular member and the wellbore. In a preferred embodiment, 
5 the method further includes curing the fluidic sealing material. In a preferred embodiment, 
the method further includes injecting a hardenable fluidic sealing material in an annulus 
between the second tubiilar member and the wellbore. In a preferred ^nbodiment, the 
method further includes curing the fluidic sealing material. 

An q>paratus for forming a mono-diameter wellbore casing within a wellbore has 

1 0 also been described that includes means for providing a lipped portion in the first tubular 
member, means for plastically deforming and radially e)qpanding another portion of tibe 
first tubular member, means for positioning Ifae second tubular member inside fiie first 
tubular member in overlapping relation to the lipped portion of the first tubular member, 
and means for plastically deforming and radially e7q>anding the second tabular member. 

1 S The inside diameters of the first and second tubular members after the plastic deformations 
and radial expansions are substantially equal. In a preferred embodiment, the ^>paratus 
further includes means for injecting a hardenable fluidic sealing material in an annulus 
between the first tubular member and the wellbore. In a preferred embodiment, the 
apparatus further includes means for curing the fluidic sealing material. In a preferred 

20 embodimrat, the apparatus further includes means for injecting a hardenable fluidic 

sealing material in an aimulus between the second tubular member and the wellbore. In a 
preferred embodiment, the apparatus further includes means for curing the fluidic sealing 
material. 

An apparatus for plastically defoimii^ and radially expandiog a tubular monber 
25 has also been described that includes means for plastically deforming and radially 
expanding a first end of the tubular member, and means for plastically deforming and 
radially expanding a second end ofthe tubular member. In a prefened embodiment, the 
qjparatus further includes means for anchoring the tubidar member during the radial 
expansion. 

30 An apparatus for plastically deforming and radially expanding a tubular member 

has also been described that includes a tubular sqpport member inchuUng a first passage, 
an expansion cone coiqiled to the tubular support having a second passage fluidicly 
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coupled to the first passage and an outer conical sur&ce, an annular expansion cone 
launcher movably coiq)led to outer conical surface of the expansion cone, an expandable 
tubular member coiQ)led to an end of the annular expansion cone launcher, a shoe coupled 
to another end of the annular expansion cone launcher having a valveable fluid passage, 
5 and another annular expansion cone movably coupled to the tubular support m^ber. The 
annular expansion cones are positioned in opposite orientations. In a preferred 
embodiment, the annular expansion cone is adapted to plastically deform and radially 
expand a first end of the expandable tubular member and the other annular expansion cone 
is adapted to plastically defomi and radially expand a second end of the expandable 
1 0 tubular member. In a preferred embodiment, the s^aratus Anther includes an anchoring 
member coupled to the tubular siq>port member ad^ted to hold the expandable tubular. 

A method of plastically deforming and radially expanding a tubular member has 
also been described that includes plastically deforming and radially expanding a first end 
of the tubular member, and plastically deforming and radially expanding a second end of 
IS the tubular member. Li a prefeiied embodiment, the method fiulher includes anchoring 
the tubiilar member during the radial expansion. In aprefened embodimoit, the first end 
of the tubular member is plastically deformed and radially expanded before the second 
end. In a preferred embodiment, plastically deforming and radially expanding the second 
end of the tubular member includes injecting a fluidic material into the tubular member. 
20 A method of coupling a first tubular member to a second tubular member has also 

been described that includes positioning the second tubular member inside the first tubular 
member in an overlapping relationship, plastically defomiing and radially expanding the 
end of the second tubular member that overl^s with the first tubular member, and 
plastically deforming and radially expanding the remaining portion of the second tubular 
25 member. In a preferred anbodiment, the method finther includes plastically defonning 
and radially expanding at least a portion of the second tubular member, hi a preferred 
embodiment, the inside diameters of die first and second tubular mmbeis are substantially 
equal after the radial expansions. 

An spparatus for coupling a first tubular member to a second tubular member has 
30 also been described fliat includes means for positioning flie second tubular member inside 
the first tubular member in an overlapping relationship, means for plastically deforming 
and radially expanding the end of the second tubular member ttiat ovctI^s wifii the first 
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tubular member, and means for plastically deforming and radially expanding &e remaining 
portion of the second tubular member- In a preferred embodiment, the ^paratus further 
includes means for plastically deforming and radially expanding at least a portion of the 
second tubular member. In a preferred embodiment, the inside diameters of the first and 
5 second tubular members are substantially equal after the radial expansions. 

An apparatus for forming a wellbore casing within a wellbore has also been 
described that inchides means for supporting a tubular member within the wellbore, means 
for plastically deforming and radially expanding a first end of the tubular member, and 
means for plastically deforming and radially expanding a second end of the tubular 

10 member. In a prefenred embodiment, the apparatus fiirtfaer includes means for a^ 

the tubular member during the radial e:iq>ansion. In a preferred embodiment, the apparatus 
further includes means for injecting a hardenable fluidic sealing material into an annulus 
between the tubular member and ttie wellbore. 

An apparatus for forming a wellbore casing within a wellbore has also been 

1 5 described fliat includes a tubular support member including a first passage, an expansion 
cone coupled to the tubular siq>port having a second passage fluidicly coupled to the first 
passage and an outer conical surface, an annular expansion cone launcher movably 
coupled to outer conical surface of the expansion cone, an expandable tubular member 
coupled to an end of the annular expansion cone launcher, a shoe coiq)led to another end 

20 of the annular expansion cone launcher having a valveable fluid passage, and another 
annular expansion cone movably coupled to the tubular support mraiber. The annular 
expansion cones are positioned in opposite oriaitations. In a preferred embodiment, the 
annular expansion cone is adq)ted to plastically deform and radially expand a first aid of 
the eaq^andable tubular member and the other annular expansion cone is adapted to 

25 plasticaUydefonnandradiaUy^axidasecondendoftheejqiandabletubi^ In 
a preferred embodiment, the apparatus fiirdier includes an anchoring member coupled to 
the tubular support member adi^ted to hold &e e3q)andable tubular. 

A method of forming a wellbore casing within a wellbore has also been described 
that mdudes plastically deforming and radially expanding a first end of the tubular 

30 member, and plastically deforming and radially expanding a second end of tiiie tubular 
membor. In a preferred embodim^t, the m^od furth^ includes anchoring the tubular 
member during the radial expansion. In a preferred embodiment, the first end of the 
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tabular member is plastically deformed and radially expanded before the second end In a 
preferred embodiment, plastically deforming and radially expanding the second end of the 
tubular member includes injecting a fluidic material into the tubular member. In a 
preferred embodiment, the method further includes injecting a hardenable fluidic sealing 
material into an annulus between the tubular member and the wellbore. 

A method of forming a wellbore casing within a wellbore has also been described 
that includes plastically deforming and radially expanding a first tubular member within 
the wellbore, positioning a second tubular m^ber inside the first tabular member in an 
overlapping relationship, plastically deforming and radially expanding flie end of the 
second tubular memb^ that overlaps with the first tubular member, plastically deforming 
and radially expanding the remaining portion of the second tubular manber. In a preferred 
embodiment, the method further includes plastically deforming and radially expanding at 
least a portion ofthe second tubular member. In a preferred raibodiment, the inside 
diameters of the first and second tubular members are substantially equal after the radial 
expansions. In a preferred embodiment, the method further includes injecting a hardenable 
fluidic sealing material into an annuhis between the first tubular member and the wellbore. 
In a preferred embodiment, the mefliod further includes injecting a hardenable fluidic 
sealing material into an annulus between the second tubular member and the wellbore. 

An ^paratus for forming a wellbore casing within a wellbore has also been 
described that includes means for plastically deforming and radially expanding a first 
tubular member within the wellbore, means for positioning the second tubular m^ber 
inside the first tubular member in an overlapping relationship, means for plastically 
deforming and radially expanding the end of the second tubular member that overl^s with 
the first tubular member, means for plastically deforming and radially expanding the 
remaining portion of the second tubular member. In a preferred embodiment, the 
^aratus further includes means for plastically deforming and radially expanding at least 
a portion of flie second tabular member. In a preferred embodiment, the inside diameters 
of the first and second tubular members are substantially equal after the radial expansions. 
In apreferred embodiment, the s^aratus further includes means fi>r injecting a 
hardenable fluidic sealing material into an annulus between the first tabular member and 
the wellbore. In a preferred embodiment, the apparatus further includes means for 
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injecting a hardenable fluidic sealing material into an annuliis between the second tubular 
member and the weUbore. 

An apparatus for bridging an axial gap between opposing pairs of wellbore casing 
within a wellbore has also been described that includes means for supporting a tubular 
5 member in overlapping relation to the opposing aids of the wellbore casings, means for 
plastically deforming and radially expanding the tubular member, and means for plastically 
deforming and radially expanding the tubular member and the opposing ends of the 
weUbore casings. 

A method of bridging an axial gap between opposing pairs of wellbore casmg 
10 within a wellbore has also been described that includes siqiporting a tubular member in 
overlapping relation to the opposing ends of the wellbore casings, plastically deforming 
and radially expanding the tubular member, and 

plastically deforming and radially expanding tfie tubular member and the opposing ends of 
the wellbore casings. 

IS A method of forming a structure having desired strength characteristics has also 

been described that includes providing a first tubular member, and plastically deforming 
and radially expanding additional tubular members onto the interior surface of the first 
tubular member until the desired strength characteristics are achieved 

A method of forming a wellbore casing within a wellbore having desired strength 

20 characteristics has also been described that iucludes plastically deforming and radially 
expanding a first tubular mranber within Ae wellbore, and plastically deforming and 
radially expanding additional tubular members onto &e interior sur&ce of the first tubular 
member until the desired strength characteristics are achieved 

A method of coiq>ling a first tubular member to a second tubular member, the first 

2 S tubular member having an original outside diameter ODq and an original wall thickness t^, 
has also been described that includes plastically deforming and radially e^qianding a first 
portion of ttie first tubular member to a first outside diameter, plastically deforming and 
radially expanding another portion of the first tubular member to a second outside 
diameter, positioning the second tubular member inside the first tubular member in 

30 overlapping relation to the first portion of the first tubular member, plastically deforming 
and radially expanding the secoiidtubidar member to a fliird outside diameter, and 
plastically deforming and radially expanding the second tubular member to a fonrth 
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outside diameter, whmin the inside diameters of the first and second tubular members 
after the plastic defoimations and radial expansions are substantially equal, and 
wherein the ratio of the original outside diameter ODq of the first tubular member to the 
original wall thickness of the first tubular member is greater than or equal to 16. 
5 A method of forming a mono-diameter wellbore casing has also been described 

that includes positioning a first tubular member within a wellbore, the first tubular member 
having an original outside diameter OD© and an original wall thickness t^ plastically 
defomning and radially expanding a first portion of the first tubular memb^ to a first 
outside diamet^, plastically deforming and radially expanding another portion of the first 

10 tubular member to a second outside diameter, positioning the second tubular member 
inside the first tubular member in overlapping relation to the first portion of the first 
tubular member, plastically deforming and radially expanding the second tubular mmiber 
to a third outside diameter, and plastically deforming and radially expanding the second 
tubular member to a fourth outside diameter. The inside diameters of the first and second 

1 5 tubular members after the plastic deformations and radial expansions are substantially 
equal, and wherein the ratio of the original outside diameter ODq of the first tubular 
member to the origLnal wall thickness to of the first tubular member is greater than or equal 
to 16. 

An ^aratus has also been described that includes a plastically deformed and 
20 radially expanded tubular member having a first portion having a first outside diameter 
and a remaining portion having a second outside diameter, wherein the ratio of the original 
outside diameter ODq of the first tubular member to the original wall thickness t© of the 
first tubular member is greater than or equal to 1 6. 

An ^paratus has also been described that includes a plastically deformed and 
25 radially expanded first tubular member having a first portion having a first outside 
diameter and a remaining portion having a second outside diameter, and a plastically 
deformed and radially expanded second tubular member coupled to die first portion of the 
first tubular member* The ratio of the origmal outside diameter ODq of the first tubular 
member to the original wall fliickness t^ of the first tubular member is greater than or equal 
30 to 16. In a preferred CTibodiment, the inside diameters ofthe first and second tiib^ 
members are substantially equal. 
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A wellbore casing formed in a wellboie has also been described that includes a 
plastically defonned and radiaUy expanded first tubular member having a first portion 
having a first outside diameter and a remaining portion having a second outside diameter, 
and a plastically defomied and radially expanded second tubular member coupled to the 
5 first portion of the first tubular member. The ratio of the original outside diameter ODq of 
the first tubular member to the original wall thickness t^ of the first tubular member is 
greats than or equal to 16. hi a preferred embodiment, the inside diameters of tfie first 
and second tubular members are substantially equal. 

An apparatus has also been described ttiat includes a plastically deformed and 
10 radially expanded tubular member, hi a preferred embodiment, the ratio of the origmal 
outside diameter ODq of the tubular member to the original wall fliickness to of the tubular 
member is greater than or equal to 16. 

hi sevend alternative embodiments, the methods and i^aratus described and 
referenced above may be used to form or repair wellbore casings, pipelines, and structural 
15 siqiports. 

Alttiough this detailed description has shown and described illustrative 
embodiments of the invention, this description contemplates a wide range of 
modifications, changes, and substitutions. In some instances, one may employ some 
features of the present invention without a corresponding use of the other features. 
20 Accordingly, it is ^propriate that readers should construe the upended claims broadly, 
and in a manner consistent with the scope of the invention. 
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Claims 

What is claimed is: 

11. An apparatus for plastically deforming and radially expanding a tubular member, 

2 comprising: 

3 means for plastically deforming and radially expanding a first portion of the tubular 

4 member to a first outside diameter, and 

5 means for plastically deforming and radially e^anding a second portion of the 

6 tubular member to a second outside diameter. 

1 2. The apparatus of claim l,whanein the first outside diameter is greater than the 

2 second outside diameter. 

1 3. The apparatus of claim 1, wherdn the means for plastically deforming and radially 

2 expanding the first portion of the tubular member to the first outside diameter is 

3 removable. 

1 4, The apparatus of claim 1, wherdn flie means for plastically deforming and radially 

2 expanding the first portion of the tubular member to the first outside diameter is frangible. 

1 5. The apparatus of claim 1 , wherein fhe means for plastically deforming and radially 

2 expanding the first portion of the tubular member to the first outside diameter is elastic. 

1 6. The qiparatus of claim 1, \dierein the means for plastically deforming and radiaUy 

2 expanding the first portion of the tubular member to the first outside diameter conqnises 

3 means for q)plying a radial force to Ate first portion of the tubular member. 

1 7. The apparatus of claim l,wherefax die meaiis for plasticaUydefonxiing and rad^ 

2 e3q>anding tfie first portion of the tubular member to the first outside diameter is inflatable. 

1 8. The apparatus ofclaiml, wherein file means for plasticaUy deforming an^ 

2 expanding the first portion of the tubular member to the first outside diameter includes 

3 rolling means for applyix^ radial pressure to the first portion of the tubular member. 
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1 9. 



An ^paratus for plastically defonning and radially expanding a tubular member. 



2 comprising: 



4 



3 



5 



a tubular support member including a first fluid passage; 
an expansion cone coupled to the tubular support member having a second fluid 
passage fluidicly coiqpled to the first fluid passage and an outer conical 



6 



surface; 

a r^ovable annular conical sleeve coupled to the outer conical surface of the 



7 



8 



expansion cone; 



11 



10 



9 



an annular esqpansion cone launcher coi^led to the conical sleeve and a lower 

portion of the tubular member; and 
a shoe having a valveable passage coupled to an end of the expansion cone 



12 



launcher. 



1 10. The ^paratus of claim 9, wherein the conical sleeve is frangible. 

1 11. The apparatus of claim 9, wherein the conical sleeve is elastic. 

1 12. The apparatus of claim 9, wh^ein the conical sleeve comprises a plurality of 

2 arcuate elements. 

1 13. A method of plastically defonning and radially expanding a tubular member, 

2 conq>rising: 

3 plastically deforming and radially expanding a portion of the tubular mCTiber to a 

4 first outside diameten 

5 plastically deforming and radially e3q)anding another portion of the tubular member 

6 to a second outside diameter. 

1 14. The method of claim 13, wfaerdn the fibrst diameter is greater than the second 

2 diametCT. 
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1 IS. The method of claim 13, whmin plastically deforming and radially expanding the 

2 portion of the tubular memb^ conq)rises: 

3 applying a radial force to the portion of the tubular memh&c using a conical sleeve. 
1 16. The method of claim 1 5, wherein the conical sleeve is frangible. 

1 17. The method of claim 15, wherein the conical sleeve is elastic. 

1 1 8. The method of claim 15, wherein the conical sleeve comprises a plurality of 

2 arcuate elements. 



1 19. The mediod of claim 13, wherein plastically deforming and radially expanding the 

2 portion of the tubular member comprises: 

3 Implying a radial force to the portion of the tubular m^nber using an inflatable 

4 bladder. 



1 20. The method of claim 13, herein plastically deforming and radially expanding the 

2 portion of the tubular member comprises: 

3 implying a radial force to the portion of the tubular member using a roller 

4 expansion device. 

121. A method of coupling a first tubular member to a second tubular member, 

2 comprising: 

3 plastically deforming and radially expanding a first portion of the first tubular 

4 member to a first outside diameter; 

5 plastically deforming and radially expanding another portion of the first tubular 

6 mCTib^toasecondoutddediamet^ 

7 positioning the second tubular member inside the first tubular member in 

8 overlqiping relation to the first portion of the first tubular member; 

9 plastically deforniing and radially e3q)anding the second tubular memba to a third 
1 0 outside diamet^ and 
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1 1 plastically deforming and radially expanding the second tubular member to a fourth 

12 outside diameter; 

13 wherein the inside diameters of the first and second tubular members after fhe 

14 plastic deformations and radial expansions are substantially equal. 

1 22. The method of claim 21, wherein the first outside diameter is greater than the 

2 second outside diameter. 

1 23. The method of claim 2 1 , wherein plastically deforming and radially expanding the 

2 first portion of the first tubular member comprises: 

3 qiplying a radial force to the portion of the tubular member using a conical sleeve. 
1 24. The method of claim 23» wherein die conical sleeve is fiiangible. 

1 25. The method of claim 23» wherein the conical sleeve is elastic. 

1 26. The method of claim 23, wherein the conical sleeve comprises a pluraUty of 

2 arcuate elraients. 

1 27. The method of claim 21 , wherein plastically deforming and radially expanding the 

2 first portion of the first tubular member comprises: 

3 applying a radial force to the first portion of the first tubular member using an 

4 inflatable bladder. 

1 28. The method of claim 21, wherein plastically deforming and radially expanding the 

2 first portion of the first tubular member co]iQ)rises: 

3 applying aradial force to the first portion of the first tubular member using a roller 

4 expansion device. 

1 29. An q>paratus for coupliiig a first tubular member to a second tubiilar member, 

2 conq>rising: 
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3 means for plastically defonning and radially expanding a first portion of the first 

4 tubular member to a first outside diameter; 

5 means for plastically deforming and radially expanding another portion of the first 

6 tubular member to a second outside diameter; 

7 means for positioning the second tubular member inside the first tubular memb^ in 

8 overl^ping relation to the first portion of the first tubular member, 

9 means for plastically deforming and radially expanding the second tubular member 

10 to a third outside diameter; and 

1 1 means for plastically defonning and radially expanding the second tubular member 

12 to a fourth outside diameter; 

1 3 wherein the inside diameters of the first and second tubular members after the 

14 plastic deformations and radial expansions are substantially equal. 

1 30. The apparatus of claim 29, wherein the first outside diameter is greater than the 

2 second outside diameter. 

1 31. The apparatus of claim 29, wherein the means for plastically deforming and 

2 radially expanding the first portion of the first tubular member comprises: 

3 means for ^plying a radial force to the portion of the tubular member using a 

4 conical sleeve. 

1 32. The ^paratus of claim 3 1 , wherein the conical sleeve is firangible. 

1 33. The apparatus of claim 31, wherein the conical sleeve is elastic. 

1 34. The ^paratus of claim 3 1 , wherein the conical sleeve comprises a plurality of 

2 arcuate elemmts. 

1 35. The apparatus of claim 29, herein the means for plastically defonning and 

2 radially expanding the first portion of the first tubular memb^ comprises: 

3 means for flying a radial force to the first portion of the first tubular member 

4 using an inflatable bladder. 
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1 36. The apparatus of claim 29, wherein the means for plastically deforming and 

2 radially expanding the first portion of (he iBrst tubular member comprises: 

3 means for applying a radial force to the first portion of the first tubular member 

4 using a roller ejqpansion device. 
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1 37. An apparatus for fonxung a wellbore casing within a wellbore, comprising: 

2 meam for si9)porting a tubidar member within the wellbore; 

3 means for plastically deforming and radially expanding a first portion of the tubular 

4 member to a first outside diameter; and 

5 means for plastically deforming and radially expanding a second portion of the 

6 tubular member to a second outside diameter. 

1 38. The apparatus of claim 37, wherein the first outside diameter is greater than the 

2 second outside diameter. 

1 39. The apparatus of claim 37, wherein the means for plastically deforming and 

2 radiaUy expanding &e first portion of the tubular member to the first outside diameter is 

3 removable. 

1 40. The q)paratusofclaim 37, wherein the means for plasticaUy deforming and 

2 radially expanding the first portion of the tubular member to flie first outside diamet^ is 

3 fiangible. 

1 41 . The apparatus of claim 37, wherein the means for plastically deforming and 

2 radially expanding the first portion of the tubular member to the first outside diameter is 

3 elastic. 

1 42. The apparatus of claim 37, wherein the means for plastically defonmng and 

2 radially expanding the first portion of the fibular m^ber to the first outside diameto* 

3 comprises means for flying a radial force to the first portion of the tubular member. 

1 43. The q)paratu5 of claim 37, whaieiu flie means for plastically deforming and 

2 radially expanding the first portion of the tubular member to the first outside diameter is 

3 inflatable. 

1 44. The apparatus of claim 37, wherein the means for plastically deforming and 

2 radially expanding flie first portion of the tubular member to the first outside diameter 
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comprises rolling means for applying radial pressure to the first portion of the tubular 
member. 



1 45. The apparatus of claim 37, further comprising: 

2 means for forming an annular body of a fluidic sealing material within an annulus 

3 between the tubular member and the wellbore. 

1 46. An apparatus for fonning a wellbore casing within a wellbore, comprising: 

2 a tubular siipport memb^ including a first fluid passage; 

3 an ^epansion cone coiq)led to tiie tubular support member having a second fluid 

4 passage fluidicly coiqjled to the first fluid passage and an outer conical 

5 sur&ce; 

6 a removable annular conical sleeve coupled to the outer conical sur&ce of the 

7 expansion cone; 

8 an anniilar e3q>ansion cone launcher coiq>led to the conical sleeve and a Iowa: 

9 portion of the tubular memb^ and 

10 a shoe having a valveable passage coupled to an end of the expansion cone 

11 launcher. 

1 47. The qyparatus of claim 46, wherein the conical sleeve is fi:angible. 

1 48. The apparatus of claim 46, wherein the conical sleeve is elastic. 

1 49. The apparatus of claim 46, wherein the conical sleeve comprises a plurality of 

2 arcuate elements. 

1 SO. A method of fimning a wellbore casing within a wellbore, comprising: 

2 siqyportfaig a tubular member wittun a weUbore; 

3 plastically deforming and radially expanding a portion of the tubular m^ber to a 

4 first outside diamet^; and 

5 plastically defonniiig and radially expanding another portion of the tubular member 

6 to a second outside diameter. 
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1 51. The method of claim SO, wherein the first diameter is greater than tiie second 

2 diameter. 

1 52. The method of claim 50, \\^erein plastically defoiming and radially expanding the 

2 portion of the tubular member conqnises: 

3 applying a radial force to the portion of the tubular member using a conical sleeve. 
1 53. The method of claim 50, wherein the conical sleeve is fi:angible. 

1 54. The method of claim 50, wherein the conical sleeve is elastic. 

1 55. The method of claim 50, wherein the conical sleeve comprises a plurality of 

2 arcuate elements. 

1 56. The method of claim 50, wherein plastically deforming and radially expanding the 

2 portion of flie tubular member comprises: 

3 ^plying a radial force to the portion of the tubular member using an inflatable 

4 bladder. 

1 57. The method of claim 50, wherein plastically deforming and radially expanding the 

2 portionof the tubular member comprises: 

3 applying a radial force to the portion of the tubular member using a roller 

4 expansion device. 

1 58. The metiiod of claim 50, further conq>rising: 

2 inj ecting an annular body of a hardenable fluidic sealing material into an annulus 

3 between the tubular mCTiber and the wellbore. 

1 59. The method ofclaim 58, further comprising: 

2 curing the annular body of hardenable fluidic sealing material. 
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1 60. A method of forming a mono-diameter wellbore casing within a wellbore» 

2 cont^rising: 

3 supporting a first tubular member within the wellbore; 

4 plastically deforming and radially expanding a first portion of the first tubular 

5 member to a first outside diameter; 

6 plastically deforming and radially expanding another portion of the first tubular 

7 member to a second outside diameter, 

8 positioning the second tubular member inside the first tubular member in 

9 overlapping relation to the first portion of the first tubular member; 

1 0 plastically deforming and radially expanding the second tubular member to a third 

1 1 outside diameten and 

12 plastically deforming and radially expanding the second tubular member to a fourth 

1 3 outside diameter; 

14 wherein the inside diameters ofthe first and second tubular members after the 

1 5 plastic deformations and radial expansions are substantially equal. 

1 61. The method ofclaim 60, wherein ttie first outside diameter is greater than the 

2 second outside diametor. 

1 62. The method of claim 60, wherein plastically deforming and radially expanding the 

2 first portion of the first tubular member comprises: 

3 ^plying a radial force to the portion ofthe tubular member using a conical sleeve. 
1 63. The method ofclaim 62, wh^in the conical sleeve is firangible. 

1 64. The method of claim 62, wherein flie conical sleeve is elastic. 

1 65. The method of claim 62, wherein the conical sleeve conqfmses a plurality of 

2 arcuate elements. 

1 66. The metiiod of claim 60, wherein plastically deforming and radially expanding the 

2 first portion of fixe first tubular member coniprises: 
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3 qqplying a radial force to the Gist portion of tfie first tabular member using an 

4 inflatable bladder. 

1 67. The method of claim 60, wherein plastically defomung and radially expanding the 

2 first portion of the first tubular member comprises: 

3 applying a radial force to the first portion of the first tabular member using a roller 

4 expansion device. 

1 68. The mefliod of claim 60, further comprising: 

2 injecting an annular body of a hardenable fluidic sealing matmal into an annulus 

3 between the first tabular member and the wellbore. 

1 69. The method ofclaim 68, further comprising: 

2 curing fiie annular body of hardenable fluidic sealing material. 

3 70. The method ofclaim 60, finrdier comprising: 

4 injecting an annular body of a hardenable fluidic sealing material into an annulus 

5 between the second tubular member and the weUbore. 



1 71 , The method of claim 70, further comprising: 

2 curing the annular body of hard^able fluidic sealing material. 

1 72. An apparatus for coiq>hng a first tubular member to a second tubular m^ber, 

2 comprising: 

3 means for plastically deforming and radially expanding a first portion of the first 

4 tubular member to a first outside diameter, 

5 means for plastically deforming and radially expanding another portion of flie first 

6 tubular mCTiber to a second outside diameter; 

7 means for positioning the second tubular member inside the first tubular member in 

8 overl2q)pmg relation to the first portion of the first tubular member, 

9 means for plastically deforming and radially expanding the second tubular member 
10 to a fhurd outside diameter; and 
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1 1 means for plastically deforming and radially expanding the second tubular member 

12 to a fourth outside diameter; 

1 3 wherein the inside diameters of fht first and second tubular members after the 

14 plastic deformations and radial expansions are substantially equal. 

1 73 . The ^aratus of claim 12, wherein the first outside diameter is greater than the 

2 second outside diameter. 

1 74. The apparatus of claim 72, wherein the means for plastically deforming and 

2 radially expanding the first portion of the first tubular member comprises: 

3 means for q>plyiiig a radial force to the portion of the tubular member using a 

4 conical sleeve. 

1 75. The q)paratusofclaim74» wherein the conical sleeve is fi:angible. 

1 76. The q>paratus of claim 74, wherein the conical sleeve is elastic. 

1 77. The q>paratus of claim 74, wherein ttie conical sleeve conqiiises a plurality of 

2 arcuate elements. 

1 78. The q>paratus of claim 72, wherein the means for plastically deforming and 

2 radially expanding the first portion of the first tubular member comprises: 

3 means for ^plying a radial force to the first portion of the first tubular member 

4 using an inflatable bladder. 

1 79. The i^paratus of claim 72, wherein the means for plastically deforming and 

2 radially expanding the first portion of the first tubular member conqirises: 

3 means for q)plying a radial force to the first portion of the first tubular member 

4 using a roller expansion device. 

1 80. The apparatus of claim 72, fiuth^ comprising: 
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means for injecting an annular body of a haidenable fluidic sealing material into an 
annulus between the first tubular member and the wellboie. 



1 81. The apparatus of claim 80, further comprising: 

2 means for curing the annular body of hardenable fluidic sealing material. 

3 82. The q>paratus of claim 72, further comprising: 

4 means for injecting an amular body of a hardenable fluidic sealing material into an 

5 annulus between the second tubular member and the wellbore. 

1 83. The qjparatus of claim 82, further comprising: 

2 means for curing the annular body of hardenable fluidic sealing material. 
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1 84. An apparatus for plasticaUydefoiming and radially expand^ 

2 comprising: 

3 means for pioviding a lipped portion in a portion of the tabular member; and 

4 means for plastically deforming and radially expanding another portion of the 

5 tubular member. 

1 85. An apparatus for plastically deforming and radially expanding a tubular m^ber, 

2 comprising: 

3 a tubular support mmiber including a first fluid passage; 

4 an expansion cone coupled to the tubular siqiport member having a second fluid 

5 passage fluidicly coiqiled to the first ihiid passage and an outer conical 

6 sur£ice; 

7 an annular expansion cone launcher comprising: 

8 a first annular portion coiq)led to a lower portion of the tubular member; 

9 a second annular portion coupled to the first annular portion that mates with 

10 the outer conical sur&ce of the expansion cone; 

1 1 a third annular portion coupled to the second annular portion having a first 

12 outside diameter; and 

13 a fourth annular portion coiq)led to the third annular portion having a 

1 4 second outside diameter; 

15 wherein the second outside diameter is less than the first outside diameter; 

16 and 

17 a shoe having a valveable passage coupled to fourth annular portion of the 

1 8 expansion cone launcher. 

1 86. A method ofplasticaUydefbnning and radiaUy expanding a tubiilarmemb^^ 

2 con^rising: 

3 providing a %ped portion in a portion of flie tubular member, and 

4 plastically deforming and radially expanding another portion of the tubular 

5 member. 
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1 87. A method of coiq)ling a first tubular member to a second tubular member, 

2 conqmsing: 

3 providing a lipped portion in a portion of the first tubular member, 

4 plastically deforming and radially expanding another portion of the first tubular 

5 member; 

6 positioning the second tubular member inside the first tubular member m 

7 overlying relation to the lipped portion of the first tubular member; and 

8 plastically deforming and radially expanding the second tubular member; 

9 wherein the mside diameters of the first and second tabular members after the 
1 0 plastic deformations and radial e3q)ansions are substantially equal. 

1 88. An apparatus for coupling a first tubular member to a second tubular member, 

2 comprising: 

3 means for providing a lipped portion in the first tubular member, 

4 means for plastically deforming and radially expanding ano&er portion of the first 

5 tubular member 

6 means for positioning the second tubular member inside the first tubular member in 

7 overi^ping relation to the lipped portion of the first tubiilar member, and 

8 means for plastically deforming and radially expanding the second tubular 

9 member, 

1 0 wherein the inside diameters of the first and second tubular members after the 

1 1 plastic deformations and radial e^qpansions are substantially equal. 

1 89. An q)paratus for fi)rming a wellbore casing within a wellbore, comprising: 

2 means for supporting a tubular member within the wellbore; 

3 means for providing a lipped portion in the tubular member, and 

4 means for plastically deforming and radially e3q>anding another portion of the 

5 tubular member to a second outside diameter. 

6 90. An apparatus for forming a wellbore casing within a wellbore, comprising: 

7 a tabular si^port member including a first fluid passage; 
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8 an e}qpansion cone coupled to the tubular support member having a second fluid 

9 passage fluidicly coupled to the fist fluid passage and an outer conical 

10 surface; 

11 an annular expansion cone laimcber comprising: 

12 a first aimidar portion coupled to a lower portion of the tubular member; 

13 a second annular portion coupled to the first annular portion that mates with 

14 tiie outer conical surface of the expansion cone; 

1 5 a third annular portion coipled to the second annular portion having a first 

16 outside diameter; and 

1 7 a fourth annular portion coupled to the third annular portion having a 

1 8 second outside diameter; 

19 wherein the second outside diameter is less than the first outside diamet^ 

20 and 

21 a shoe having a valveable passage coiq>led to fourth annular portion of the 

22 expansion cone launcher. 

1 91 . A method of forming a wellbore casing in a wellbore, comprising: 

2 supporting a tubular member within the wellbore; 

3 providing a lipped portion in a portion of the tubular member, and 

4 plastically deforming and radially expanding another portion of the tubular 

5 monber. 

1 92. The method of claim 91, fiuiher comprising: 

2 injecting a hardenable fluidic sealing material in an annulus between the tubular 

3 member and the wellbore. 

1 93. The method of claim 92, fiirther comprising: 

2 curing the fluidic sealing material. 

1 94. A method offi)tming a mono-diameter wellbore casing within a wellbore^ 

2 con^xrising: 

3 siq>porting a first tubular member widiin the wellbore; 



-76- 



wo 02/29199 PCT/USOl/30256 

4 providing a lipped portion in a portion of the first tubular member; 

5 plastically deforming and radially e?q>anding another portion of the first tubular 

6 m^tnber; 

7 positioning tiie second tubular member inside the first tubular member in 

8 overlapping relation to the lipped portion of the first tubular member; and 

9 plastically deforming and radially expanding the second tubular manber; 

10 wherein the inside diameters of the first and second tubular members after the 

1 1 plastic defomtiations and radial expansions are substantially equaL 

1 95. The method of claim 94, further comprising: 

2 injecting a hardenable fluidic sealing material in an annulus between the first 

3 tubular memb^ and Ihe wellbore. 

1 96. The method of claim 95, fiirther comprising: 

2 curing the fluidic sealing matmal. 

3 97. The method ofclaim 94, fiirther comprising: 

4 injecting a hardenable fluidic seating material in an annulus betwem tiie second 

5 tubular member and the wellbore. 

1 98. The method of claim 97, fiirther comprising: 

2 curing the fluidic sealing material. 

1 99. An apparatus for forming a mono-diameter wellbore casing witiun a wellbore, 

2 comprising: 

3 means for providing a lipped portion in the first tubular member; 

4 means for plastically deforming and radially expanding another portion of the first 

5 tubular member; 

6 means for positioning the second tubular member iaiside the first tubular member in 

7 overliving relation to the lipped portion of the first tubular membei^ and 

8 means for plastically deforming and radially e^anding the second tubular 

9 memben 
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wherein the inside diam^ers of the first and second tubular members after fhe 
plastic deformations and radial expansions are substantially equal. 



1 100. The ^paratus of claim 99, further comprising: 

2 means for injecting a hardenable fluidic sealing material in an annulus between the 

3 first tubular member and the wellbore. 

1 101. The apparatus of claim 100, further conq)rising: 

2 means for curing the fluidic sealing material. 

1 102. The ^aratus of claim 99, further conqirising: 

2 means for injecting a hardenable fluidic sealing material in an annulus between the 

3 second tubular member and fhe wellbore. 

1 103. The apparatus of claim 102, further comprising: 

2 means for curing the fluidic sealing mat^al. 
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1 1 04. An apparatus for plastically deforming and radially expanding a tubular member, 

2 comprising: 

3 means for plastically deforming and radially expanding a first end of the tubular 

4 member; and 

5 means for plastically deforming and radially expanding a second end of the tubular 

6 member. 

1 1 05. The ^paratus of claim 104, further comprising: 

2 means for anchoring the tubular memb^ during the radial expansion. 

1 1 06. An ^paratus for plastically deforming and radiaUy expanding a tubular member, 

2 comprising: 

3 a tubular siq>port member including a first passage; 

4 an expansion cone coupled to the tubular support having a second passage fluidicly 

5 coiq>led to the first passs^e and an outer conical surface; 

6 an annular expansion cone launcher movably coupled to outer conical sur&ce of 

7 the expansion cone; 

8 an e3q>andable tubular member coiq>led to an end of the annular expansion cone 

9 launcher; 

10 a shoe coi^led to another end of the aimular expansion cone launcher having a 

1 1 valveable fluid passage; and 

12 another annular expansion cone movably coupled to the tubular support member; 

13 wherein the annular expansion cones are positioned in opposite orientations. 



1 107. The apparatus of claim 106, wh^^ the aimular expansion cone is adapted to 

2 plastically deform and radially e3qpand a first end of the expandable tubular member and 

3 the other annular expansion cone is adapted to plastically deform and radially expand a 

4 second end of tiie expandable tubular member. 

1 108. The apparatus of claim 106, finrtiier comprising: 

2 an anchoring member coupled to the tubular siqyport member adapted to hold the 

3 expandable tubular. 
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1 1 09. A method of plastically deforming and radially expanding a tubular naember, 

2 comprising: 

3 plastically deforming and radially expanding a first end of the tubular member; and 

4 plastically deforming and radially e?q)anding a second end of the tubular member. 

1 1 10. The method of claim 1 09, further comprising: 

2 anchoring the tubular member during the radial expansion. 



1 111. The method of claim 109, wherein the first end ofthe tubular member is plastically 

2 deformed and radially e}q>anded before the second end. 

1 112. The method of claim 1 09» plasticaUy deforming and radially expanding the second 

2 end of the tubular memb^ conq>rises injecting a flnidic material into the tubular member. 



1 113. A method ofcoupling a first tubular member to a second tubular member, 

2 comprising: 

3 positioning the second tubular member inside the first tubular member in an 

4 overlapping relationship; 

5 plastically deforming and radially landing the end of the second tubular member 

6 that overlaps with the first tubular member, 

7 plastically deforming and radially expanding the remaining portion of the second 

8 tubular membCT. 

1 114. The m^od of clainji 113, fiirther comprising: 

2 plastically deforming and radially e>q>anding at least a portion of the second tubular 

3 member. 



1 1 IS. The method of claim 1 14, wherein the inside diameters of the first and second 

2 tubular members are substantially equal after tiie radial expansions. 
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1 116. An apparatus for coupling a first tabular member to a second tubular member, 

2 comprising: 

3 means for positioning the second tubular m^ber inside the first tubular member in 

4 an overlapping relationship; 

5 means for plastically deforming and radially expanding the end of the second 

6 tubular member that overlaps with the first tubular member; 

7 means for plastically deforming and radially expanding the remaining portion of 

8 the second tubular memb^. 

1 1 17. The apparatus of claim 116, fiirther comprising: 

2 means for plastically deforming and radially expanding at least a portion of the 

3 second tubular member. 



1 118. The apparatus of claim 117, whearein the inside diameters of the first and second 

2 tubular members are substantially equal after the radial eicpansions. 



1 119. An i^paratus for forming a wellbore casing witiun a wellbore, comprising: 

2 means for siqiporting a tubular member within the wellbore; 

3 means for plastically deforming and radially expanding a first end of the tubular 

4 member; and 

5 means for plastically defonning and radially expanding a second end of the tubular 

6 member. 

1 120. The apparatus of claim 1 19, further conq^rising: 

2 means for anchoring the tubular member during the radial expansion. 

1 121. The ^aratus of claim 1 19, further comprising^ 

2 means for injecting a hardenable fhiidic sealing material into an ammlus b^een 

3 the tubular member and the wellbore. 

1 122. An apparatus for fonning a weUbore casing within a weUbore, comprising: 

2 a tubular support member including a first passage; 
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3 an expansion cone coupled to the tubular si^iport having a second passage fluidicly 

4 coiq)led to the first passage and an outer conical surface; 

5 an annular expansion cone launcher movably coupled to outer conical surface of 

6 the expansion cone; 

7 an expandable tubular m^ber coupled to an end of the annular expansion cone 

8 launcher, 

9 a shoe coupled to another end of the annular expansion cone launcher having a 

1 0 valveable fluid passage; and 

1 1 another annular ^cpansion cone movably coupled to the tubular support member; 

1 2 wherein the annular expansion cones are positioned in opposite orientations. 

1 123. The ^paratus of claim 122, wfamein the annular e:q>ansion cone is ad^ted to 

2 plastically deform and radially expand a first end of the expandable tubular member and 

3 the oHier annular expansion cone is adapted to plastically deform and radially expand a 

4 second end of the expandable tubular member. 

1 124. The apparatus of claim 122, fiuther comprising: 

2 an anchoring member coiq)led to the tubular support member adapted to hold the 

3 expandable tubular. 

1 125. A method of forming a wellbore casing within a wellbore, comprising: 

2 plastically deforming and radially expanding a first end of the tubular member, and 

3 plastically deforming and radially expmding a second end of the tubular member. 

1 126. The method of claim 12S» further comprising: 

2 anchoring the tubular member during die radial escpansion. 

1 127. The method of claim 12S» wherein the first end of the tubular memb^ is plastically 

2 deformed and radially expanded before the second end. 

1 128. The method of clahn 125, plastically deforming and radially e3q>anding the second 

2 end of the tubular memb^ comprises injecting a fluidic material into die tubular member. 
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1 129. The method of claim 12S» further comprising: 

2 injecting a hardenable fluidic sealing material into an annulus between Oie tubular 

3 member and the wellbore. 

1 130. A method of forming a wellbore casing within a wellbore, comprising: 

2 plastically deforming and radially expanding a Gist tubular member within the 

3 wellbore; 

4 positioning a second tubiilar member inside the first tubular member in an 

5 overl^ping relationship; 

6 plastically deforming and radially expanding ttie end of flie second tubular member 

7 that overlaps wifli the first tubular member; 

8 plastically defonning and radially expanding the remaining portion of the second 

9 tubular member. 

1 131. The method of claim 130, finrther comprising: 

2 plastically defonning and radially expanding at least a portion of the second tubular 

3 member. 



1 132. The method of claim 131, wherein the inside diameters of the first and second 

2 tubular members are substantially equal after the radial expansions. 



1 133. The method of claim 130, further comprising: 

2 injecting a hardenable fluidic sealing material into an annulus between the first 

3 tubular member and the wellbore. 

1 134. The method of claim 130, further comprising: 

2 injecting a hardenable fluidic sealing material into an annulus between the second 

3 tubular member and the wellbore. 

1 135. An ^paratus for foroiing a wellbore casing within a welborCyC^ 
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2 means for plastically defoiming and radially expanding a first tubular member 

3 within flie weUbore; 

4 means for positioning the second tabular member inside the first tubular member in 

5 an overlapping relationship; 

6 means for plastically deforming and radially expanding the end of the second 

7 tubular member ttiat ovctIs^s wifli the first tubular member; 

8 means for plastically deforming and radiaUy expanding the remaining portion of 

9 the second tubular member. 

1 136. The q>paratus of claim 135, furdier comprising: 

2 means for plastically deforming and radially e3q>anding at least a portion of the 

3 second tubular member. 

1 137. The apparatus of claim 136, wherein the inside diameters of the first and second 



2 tubular members are substantially equal afier the radial expansions. 



1 138. The apparatus of claim 135, furOier comprising: 

2 means for injecting a hardenable fluidic sealing material into an annulus between 

3 die first tubular member and the wellbore. 

1 139. The apparatus of claim 135, further comprising: 

2 means for injecting a hardenable fluidic sealing material into an annulus between 

3 the second tubular memb^ and the wellbore. 
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1 140. An ^paratus for bridging an axial between opposing pairs of wellbore casing 

2 within a wellbore, comprising: 

3 means for supporting a tubular member in overlapping relation to the opposing 

4 ends of the wellbore casings; 

5 means for plastically deforming and radially expanding the tubular member; and 

6 means for plastically deforming and radially expanding the tubular member and the 

7 opposing ends of the wellbore casings. 

1 14L A method of bridging an axial g^ between opposing pairs of wellbore casing 

2 within a wellbore, comprising: 

3 supporting a tubular member in overlappiug relation to the opposing eaads of the 

4 wellbore casings; 

5 plastically deforming and radially expanding the tubular member; and 

6 plastically deforming and radially expanding the tubular member and the opposing 

7 ends ofthe wellbore casings. 
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1 1 42. A metiiod of foiming a structure having desired strength characteristics, 

2 comprising: 

3 providing a first tubular member; and 

4 plastically deforming and radially expanding additional tubular members onto the 

5 interior surface of the first tubular member until the desired strength 

6 characteristics are achieved 

1 1 43. A method of forming a wellbore casing within a wellbore having desired strength 

2 characteristics, comprising: 

3 plastically deforming and radially expanding a first tubular member within the 

4 wellbore; and 

5 plastically deforming and radially e3q)anding additional tubular memb^ onto the 

6 interior surface of the first tubular memb^ until the desired strengdi 

7 characteristics are achieved 
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1 1 44. A method of coiQilixig a first tubular member to a second tubxilar member, tbe first 

2 tubular member having an original outside diameter OD© and an original wall thickness t^, 

3 comprising: 

4 plastically deforaiing and radially expanding a first portion of the first tubular 

5 member to a first outside diameter, 

6 plastically deforming and radially expanding another portion of the first tubular 

7 member to a second outside diameter; 

8 positioning the second tubular member inside the first tubular member in 

9 oved^ing relation to the first portion of the first tubular member, 

10 plastically deforming and radially expanding the second tubular member to a third 

1 1 outside diamet^; and 

12 plastically deforming and radially expanding the second tubular member to a fourth 

13 outside diamet^ 

14 wherein the inside diameters of the first and second tubular members after the 

I ^ plastic deformations and radial expansions are substantially equal; and 

16 wherein the ratio of the original outside diameter ODq of the first tubular member 

17 to flie original wall thickness to of the first tubular member is greater than or 

18 equal to 16. 

1 145. A method of forming a mono-diameter wellbore casing, conq)rising: 

2 positioning a first tubular member within a wellbore, the first tubular member 

3 having an original outside diameter ODq and an original wall thickness t^; 

4 plastically deforming and radially expanding a first portion of the first tubular 

5 member to a first outside diameter; 

6 plastically deforming and radially expanding another portion of the first tubular 

7 member to a second outside diameten 

8 positioning the second tubular member inside tiie first tubular mraiber in 

9 overl^ping relation to the first portion of flie fiurst tubular member, 

10 plastically deformmg and radially expanding the second tubular member to a third 

I I outside diameter; and 

12 plastically deforming and radially expanding the second tubular memb^ to a fourtii 

1 3 outside diameter; 
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14 wherein the inside diameters of the first and second tubular memb^ after the 

15 plastic defonnations and radial expansions are substantially equal; and 

1 6 wherein the ratio of the original outside diameter OD^ of the first tubular member 

17 to the original wall thickness of the first tubular member is greater than or 

18 equal to 16. 

1 146. An q)paratus, comprising: 

2 a plastically deformed and radially ^anded tubular member having a first portion 

3 having a first outside diameter and a remaining portion having a second 

4 outside diameter; 

5 wherein the ratio of the original outside diameter ODq of ttie first tubular member 

6 to flie original wall thickness t^ of the first tubular member is greats than or 

7 equal to 1*6. 

1 1 47. An apparatus, con:q>rising: 

2 a plastically deformed and radially expanded first tubular member having a first 

3 portion having a first outside diameter and aremaining portion having a 

4 second outside diameter; and 

5 a plastically deformed and radially expanded second tubular member coupled to 

6 the first portion of the first tubular member; 

7 wherein the ratio of the original outside diameter ODq of flie first tubular member 

8 to the original wall thickness t^ of the first tubular member is greater than or 

9 equal to 16. 



1 148. The apparatus of claim 147, wherein the inside diametm of the first and second 

2 tubular members are substantially equal. 

1 149. A wellbore casing formed in a wellbore, comprising: 

2 a plastically deformed and radially expanded first tubular member having a first 

3 portion having a first outside diameter and a remaining portion having a 

4 second outside diameter, and 
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5 a plastically defonned and radially expanded second tubular member coupled to 

6 the first portion of the first tubular member; 

7 wherein the ratio of the original outside diameter ODq of the first tubular member 

8 to the original wall thickness to of the first tubular member is greater than or 

9 equal to 16. 

1 150. The casing of claim 149, wherein the inside diameters of the first and second 

2 tubular members are substantially equal. 

1 151. An s^paratus, comprising: 

2 a plastically deformed and radially expanded tubular member 

3 wherein the ratio of the original outside diameter ODo of the tubular member to the 

4 original wall thickness to of tihe tubular member is greater than or equal to 

5 16. 
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AMENDED CLAIMS 

[received by the Mtemational Bureau on 04 March 2002 (04.03.02); 
new claims 152-159 added; remaining claims unchanged (5 pages)] 

1 150. The casing of claim 149, wherein the inside diameters of the &st and second 

2 tubular members are substantially equal* 

1 151. An apparatus, comprising: 

2 a plastically deformed and radially expanded tubular member; 

3 wherein the ratio of the original outside diameter ODq of the tubular member 

4 to the original wall thickness t^ of the tubular member is greater than or 

5 equal to 16. 

1 152. (New) An ^aratus for plastically deforming and radially expanding a tubular 

2 member, comprising: 

3 means for coupling a first expansion cone to a second expansion cone; 

4 means for plastically deforming and radially expanding a iBrst portion of the 

5 tubular member to a first outside diameter using the first and second 

6 expansion cones; 

7 means for plastically deforming and radially expanding a second portion of the 

8 tubular member to a second outside diameter using the second 

9 expansion cone; and 

10 means for decoupling the first and second expansion cones prior to plastically 

1 1 deforming and radially expanding the second portion of the tubular 

12 member to the second outside diameter; 

13 wherein the first outside diameter is greater than the second outside diameter. 

1 153, (New) A method of plastically deforming and radially expanding a tubular 

2 member, comprising: 
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3 plastically defonning and radially expanding a portion of the tubular member 

4 to a first outside diameter using a first expansion cone coupled to a 

5 second expansion cone; 

6 decoupling the first and second expansion cones; and 

7 plastically defonning and radially expanding another portion of the tubular 

8 member to a second outside diameter using the second expansion cone; 

9 wherein the first outside diameter is greater than the second outside diameter. 

1 1 54. (New) A method of coupling a first tubular member to a second tubular member, 

2 comprising: 

3 plastically deforming and radially expanding a first portion of the first tubular 

4 member to a first outside diameter using a first expansion cone coupled 

5 to a second expansion cone; 

6 decoupling the first and second expansion cones; 

7 plastically deforming and radially expanding another portion of the first 

8 tubular member to a second outside dianoeter using the second 

9 expansion cone; 

10 positioning the second tubular member inside the first tubular member m 

1 1 overlapping relation to the first portion of the first tubular member; 

12 plastically defonning and radially expanding the second tubular memb^ to a 

13 third outside diameter; and 

14 plastically deforming and radially expanding the second tubular member to a 

15 fourth outside diamet^, 

16 wherein the first outside diameter is greater than the second outside diameter; 

17 and 

18 wherein the inside diameters of the first and second tubular members after the 

19 plastic deformations and radial expansions are substantially equal. 

1 155. (New) An apparatus for couphng a first tubular member to a second tubular 

2 member, comprising: 
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3 means for plastically deforming and radially expanding a first portion of the 

4 first tabular member to a first outside diameter using a first expansion 

5 cone coupled to a second expansion cone; 

6 means for decoupling the first expansion cone from the second expansion 

7 cone; 

8 means for plastically deforming and radially expanding another portion of the 

9 first tubular member to a second outside diameter using the second 

10 expansion cone; 

1 1 means for positioning the second tubular member inside the first tubular 

12 member in overlapping relation to the first portion of the first tubular 

13 member; 

14 means for plastically deforming and radially expanding the second tubular 

15 member to a third outside diameter; and 

1 6 means for plastically deforming and radially expanding the second tubular 

17 member to a fourth outside diameter; 

18 wherein the first outside diameter is greater than the second outside diameter; 

19 and 

20 wherein the inside diameters of the first and second tubular members after the 

21 plastic deformations and radial expansions are substantially equal. 

1 156. (New) An apparatus for forming a wellbore casmg within a wellbore, 

2 comprising: 

3 means for supporting a tubular member within the wellbore; 

4 means for plastically deforming and radially expanding a first portion of the 

5 tubular member to a first outside diameter using a first expansion cone 

6 coupled to a second expansion cone; 

7 means for decoupling the first and second expansion cones; and 

8 means for plastically deforming and radially expanding a second portion of the 

9 tubular member to a second outside diamet^ using the second 

1 0 expansion cone; 

1 1 wherein the Sist outside diameter is greater than the second outside diameter. 
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1 157, (New) A method of forming a wellbore casing within a wellbore, comprising: 

2 supporting a tubular member within a wellbore; 

3 plastically deforming and radially expanding a portion of the tubular member 

4 to a first outside diameter using a first expansion cone coupled to a 

5 second expansion cone; 

6 decoupling the first and second expansion cones; and 

7 plastically deforming and radially expanding another portion of the tubular 

8 member to a second outside diameter using the second expansion cone; 

9 wherein the first outside diameter is greater than the second outside diameter. 

1 158. (New) A method of forming a mono-diameter wellbore casing within a wellbore, 

2 comprising: 

3 supporting a first tubular member within the wellboie; 

4 plastically deforming and radially expandmg a first portion of the first tubular 

5 member to a first outside diameter using a first expansion cone coupled 

6 to a second expansion cone; 

7 decoupling the first and second expansion cones; 

8 plastically deforming and radially expanding another portion of the first 

9 tubular member to a second outside diameter using the second 

10 expansion cone; 

1 1 positioning the second tubular member inside the first tubular member in 

12 overlapping relation to the first portion of tiie first tubular member; 

13 plastically deforming and radiaDy expanding the second tubular member to a 

14 third outside diameter, and 

15 plastically deformmg and radiaDy expanding the second tubular member to a 

16 fourth outside diameter; 

17 wherein the first outside diameter is greater than the second outside diameter; 

18 and 

19 wherein the inside diameters of the first and second tubular members after the 

20 plastic deformations and radial expansions are substantially equal. 
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1 159. (New) An apparatus for coupling a first tubular member to a second tubular 

2 member^ comprising: 

3 means for plastically defomiing and radially expanding a first portion of the 

4 first tubular member to a first outside diameter using a first expansion 

5 cone coupled to a second expansion cone; 

6 means for decoupling the first and second expansion cones; 

7 means for plastically deforming and radially expanding another portion of the 

8 first tubular member to a second outside diameter using the second 

9 expansion cone; 

10 means for positioning the second tubular member inside the first tubular 

* 1 member in overl^ping relation to the first portion of the first tubular 

12 member; 

13 means for plastically defonmng and radially expanding the second tubular 
^4 member to a third outside diameter; and 

15 means for plastically defonnmg and radially expandmg the second tubular 

16 membtt to a fourth outside diameter, 

wherein the first outside diameter is greater than the second outside diameter; 

18 and 

wherein the inside diameters of the first and second tubular members after the 

^0 plastic deformations and radial expansions are substantially equal. 
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